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EFFECT OF THE AMOUNT AND DISTRIBl?rtQN/&''to 
FALL AND EVAPORATION DURING THE GROWIliliJ 
SEASON ON YIELDS OF CORN AND SPRING WHEAT ‘ 

By Floyd K. Davis and J. E. Pallesen, assiMant agricultural statisticians ^ 
Agricultural Alarketmg Service^ Untied States Department of Agriculture * 

INTRODUCTION 

The relation of weather to crop yields has been the subject of a large 
number of investigations in this country and abroad {Jf)} In general, 
the usual correlation method of approach, which employs State yields 
and monthly weather data, has failed to provide a reliable regression 
equation for forecasting purposes, although instances may be cited 
in wliicli it lias yielded valuable information. These studies serve to 
emphasiz(> the comphLxity of the relationships involved. 

Yields of most crops ar(‘. dependent to a large extent upon the 
w('ather during the growing season. In the jiresent work it was 
d('sired to ascertain th(' influence on yield of certain weather fac^tors at 
diflerent stages during the season, and to determine the critical 
jieriod of the growing season as regards these factors. 

In studying the effect of rainfall on plot ^/ields of winter wheat, 
Fish(»r (f) conceived the idea that rainfall occurring at any time during 
the growing season has an effect on final yield which can b('. expressed 
as a{t)r{t)(li^ where r(t)(U is the rainfall occurring during the interval 
t to t^ dt, and a{t) is a function of time expressing the physiological 
relation between amount of rainfall at time t and final yield. On this 
basis, the estimated yield, the rainfall during tlie season being known, 
will be 

a{t)r{t)dL 

This ex[)ression sim])ly indicates tliat the estimate of yield is tlie 
product (rainfall) X (the yield functions ait)) summed over the entire 
season. It is clear that <i(/) will in general be a continuous function 
and one that changes relatively slowly. It may be exx)ected, there- 
fore, that it can be approximated with reasonable accuracy with a 
few terms of a polynomial in t. As a device for evaluating a(0, 
Fisher used a set of orthogonal i>olynomials. 

As pointed out by Fisher, this approach assumes that the effect of 
rain at any time is independent of the amount of rain falling at any 
other time. Nevertheless, relationships learned in this manner can 
be of considerable value in an understanding of the influence of 
weather factors on crop yields at different stages during the season. 

1 Roccivecl for publication July 

* The authors wish to express their appreciation to G. W. Snedocor, W. G. Cochran, and C. T\ Winsor for 
helpful advice, suggestions, and criticisms. Appreciation is also expressed to C. F. Sarlc and A. J. King, 
under whose supervision the study here reported was made. 

3 Italic numl)ers in parentheses refer to Literature Cited, p. 22. 
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Such knowledge is of value to crop forecasters even though the 
deviations from regression due to other factors may be large. 

^ The primary purpose of this paper is to show the results of applying 
Fisher^s technique to a study of weather factors and experiment 
station yields of corn and spring wheat. In view of the complicated 
nature of this technique, however, the paper is also designed to give 
the successive stages in the handling of the data. Improved methods 
of handling the computational work are also set forth. For the 
general method and tlieory one can i)rofitably refer to Fislier^s original 
paper, particularly to section 3. v 

Data regarding annual plot yields for a few crops were made 
available to the Bureau of Agricultural Economics by a number of 
agricultural experiment stations throughout the country so that 
relationships between weather factors and yields might be studied. 
The method used in this paper is one of several that are being employed 
in these studies. The selection of the particular crops and of the yield 
scries presented in this report was made on the basis of the oppor- 
tunity they afforded to introduce the use of the present technique to 
croi)s and to weather factors not previously studied and to bring out 
certain refinements in the techniques. One of the first considerations 
in relating weather to yields is that a sufficiently long series of records 
be available. Fisher^s analysis dealt with ()0 years of yields, but no- 
where in this country is there any scries of continuous plot yields of 
that length. However, many series arc of sufficient length to justify 
analysis by this teclmiquc. 


DATA USED 

Corn {sea mays) yields from plots at the Ohio Agricultural Experi- 
ment Station at Wooster, Ohio, and spring wheat {Triticum aestimim) 
yields from the Dry Land Experiment Station at Dickinson, N. Dak., 
were used in this study. 

i Since 1894 at Wooster a series of plots has been cropped continu- 
ously to corn, with the more important weather factors observed 
concurrently. This series includes several treatments. The plots 
are located on Wooster silt loam and are slightly rolling. Plot 5, 
which has received a moderate treatment of manure each year (2K 
tons per acre), has been used in tliis study. The use of lime on these 
soils was begun in 1905, and the yields from the date the liming 
practice was started have been used, giving a 32-year period (1905- 
36) with which to work . ) 

The yield data for spring wheat were obtained from the original 
records of the Division of Dry Land Agriculture, Bureau of Plant 
Industry, United States Department of Agriculture.'^ Two plots 
receiving no fertilizer treatment have been cropped to wheat con- 
tinuously since 1908. The spring wheat yields used are the averages 
of these two plots. (In 1912 hail destroyed the crop ; consequently , 
no records for that year are included in the calculations.) 

The meteorological data were obtained from the station records. 
Those used in this report are daily rainfall figures for the season at 
Wooster and daily rainfall and evaporation figures for the season 
at Dickinson. Before this study was begun these records had been 
drawn off and compiled into 5-day totals throughout the year. 


< These records were obtained through the courtesy of J. S. Cole. 



Jan. 1, 1940 Relation oj Weather to Crop Yields 3 


Since the winter and sjiring rainfall is nearly always adequate at 
Wooster, the decision was made to investigate the effect of rainfall 
for a period of 120 days beginning a few days before planting time. 
The average date of planting was found to be about May 13. The 
approximate date of planting was ascertained for ea(‘h year and the 
5-day period in which this date occurred wras marked on the rainfall 
tabulation. Then tlie third 5-day period previous to this was marked 
and was considered the beginning of the 1 20-day season for that year. 
Thus, the season of 120 days was different for each year, depending 
on the date of planting. Since the rainfall for the 120 days is com- 
piled into totals of 5 days each, 24 such totals represent the season. 

For spring wdieat at Dhrkinson, the average date of seeding is about 
April 16 and the average date of harvesting August 5, with a mean 
interval of around 111 days. Here, as in the case of corn, a period 
of 120 days would seem adequate, and since evaporation data were 
available from April 1 of each year, it was decided to consider the 
crop season as beginning on that date and continuing for 120 days. 

ANALYSIS OF DATA 

METHOD OF ANALYSIS 

In a ilirect attack on the relationship of a la rge niiinber of independ- 
(*!it weather variates (twenty-four 5-day totals of rainfall for the sea- 
son) with yield, one would ordinarily set up equations in 24 unknowns 
a (1), a (2), ... a (24). The solution for these 24 regression coeffi- 
cient s directly would involve a tremendous amount of arithmetical 
work. Furtliermore, with data for only 20 to 40 years, the high 
])roportion of independent variables to observations would make it 
difficult to establish the significance of the regression coefficients. On 
physiological grounds it appears valid to assume that a coefficient 
of regression of yield on rainfall in one 5-day period w^ould not differ 
widely from one in adjacent 5-day periods. Dropping the concept 
of a particular regression coefficient for a particular 5-day period, we 
can conceive a, relation between yield and additional rainfall that 
changes slowly as we go from one short period of time to another. 
Such a, function changing continuously with time is precisely what is 
to be represented by the function a(f). ^.Looking upon a(t) as a 
slowly changing function we assume that it can be re])resented by a 
polynomial and hence by a set of orthogonal polynomials. 

The problem is now to evaluate the function a in equation 

'W=C-\-\\rdt (!) 

where a, as a continuous function, can be adequately represented by 
relatively few terms of a polynomial of the form 


a — ao3^o'4“efi2^i4“«22^2“l" • • • (2) 

the T's being the orthogonal functions of time. If (2) is substituted 
in (1) we get 

■r-(7+ J^"(ao7’o+a,7’,H- ...)r(U 
= C’'-l-aoI 2\rdt-\- . . . 


( 3 ) 
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Now the quantities Ttrdt are those one would get if orthogonal 

polynomials were fitted to the sequence of rainfall each year. From 
actual rainfall diita in those years for wliich crop yields are available, 

one can calculate the quantities Tirdt, Placing these quantities 

in equation (3), the coefficients ao> • • • can be computed by 
multiple regression methods. Substituting tlie calculated partial 
regression coefficients in equation (2), we can evaluate the function a 
and represent at any time during the season the eircct on the crop of 
an additional inch of rainfall. 

In the application of his scheme, Fisher expressed a polynomial 
fitted to the sequence of rainfall in each year, as mentioned above, by 

Po7o+Pi7i • • • (4) 

in which pt repiesents the (juantities ( 2\rdt and the 7'’s are orthog- 

Jo 

onal and normalized functions of the time, tJiat is, 

( TrT4t-J^ {r9^s) 

Jo 

rr 

Jo 

The values pi may be calculated thus: 


Pi^SirTi) 


wliere r equals rainfall during a 5-day period and the summation 
extends over the given number of periods, noting that the integrations 
have been replaced by the summations. 

But the numerical values are awkward to handle, and it is simpler 
arithmetically to use polynomials lif wbicli are orthogonal but not 
normalized, and the values of which are integers. The polyjiomials 
are those tabulated by Fisher and Yates (S) and are related to those 
of Fisher bv 

Employing the polynomials f / instead of tlie polynomials T,, a set 
of coefficients pf is calculated that are related to the coefficients used 
by Fisher. The process of calculations 

p/=5f(rf/) / 

is similar to that given above for p<. The amount and distribution of 
rainfall is now expressed as a function of time by 

Po'fo' . 


( 5 ) 
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The quantities hero are related to those in Fisher^s expression (equa- 
tion (4) ) by the equations 

p/-PiV‘W^) 

Since the values S are given in the tables, Fisher’s coefficients pt 
could easily be calculated, but it is to be shown here that these numer- 
ous divisions may be avoided. 

If the regression of yield on the coefficients Po', p/, P 2 ^ ... is calcu- 
lated, the partial regression coefficients obtained may be designated 
as ao'y afy ao'y .... Tliese regression coefficients are related to the 
corresponding value's «o, . . . obtained by Fishei*, in this manner: 



To obtain valines for the I’cgression function a, Fisher uses 


a — ai)To-{-aiTi+ . . . 

In terms of the polynomials f/; • • • itnd the writers’ coefficients 
ao'j afj etc., this becomes 


I- . . . (6) 

by virtue', e)f the relations pre'vieiusly statenl anel suinmarizexl as fedlows: 


O, 









This means that the ortheigeuial |)olynouiials tabula, teel by Fisher 
anel Yates (3) are convenient not eiidy for fitting polynomials but also 
in the expansion of the regression integral and subsequent evaluation 
of the function a. ) 

/ ANALYSIS OF THE CORN DATA 

From the rainfall in each of the twenty-four 5-elay periods of each 
season designated by n . . . r 24 , the values of po', p/, . . . ps' as tabulated 
in table 1 were calculated by the use of the mentioned above, 
where 

Po'— summed over the 24 periods 
Pi'— iS(r{i') summed over the 24 periods 


) summed over the 24 periods 

using the tabular values of f'’s for n equals 24. As is a constant, 
1 , the value po' will be the sums of rj . . . r 24 which is the total rainfall 
for the season of 120 days. 

As a curve of the fifth degree was being fitted it was worth while to 
actually work from the center of the 24 values and to build up a 
column of sums and differences of paired values around the center. 
The differences were then used with $ 3 ', and ^ 5 ' while the sums 
were used with { 2 ' and { 4 ' (see Fisher and Yates (3)), 
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VTlie object is now to secure the regression of yield on the six series 
Po' . . . ps'. Before doing this it was advisable to look at the yields 
over tile period to see if any slow changes had taken place. As 
expected on such continuous plots, the tendency has been for the level 
of yields to decline gradually. A linear regression was used to remove 
the slow changes since examination showed tliat it accounted for a 
major portion of the variation. It is recognized that in other problems 
slow changes may be expressed better by a parabola or some poly- 
nomial of higher degree. 

Table X.—Corn yields from continuous plot 5 at Wooster^ Ohio, 1905-S6^ seasonal 
rainfall distribution coefficients^ and values of ki for n~-S2 


Yoar 

Yield 

per 

acre 

Po' 

^ 1 ' 

Pi' 

ei' 

P^' 

^ 5 ' 

e.' 

1905 - - . 

Bushels 
45. 7 

22.47 

18.75 

-7.38- 4 

4,507 

TfiO 

10. 705 

31 

1906 , - 

34. 3 

17. 10 

92. 30 

239. 2 

902 

- 98 

3, 481 

29 

1907.. . . ... 

17.7 

13.90 

-^24. 90 

-263. 5 

410 

-88 

-5,147 

27 

1908 . - 

20.8 

13. 99 

-4.07 

2«52. 4 

-2,252 

-437 

- 1, 2,58 

25 

1909., 

19.4 

19. 73 

—3. 89 

213.0 

2, 403 

490 

9, 202 

23 

1910 .. 

12.8 

9.55 

-77.23 

82.0 

1, 890 

-280 

-3,892 

21 

1911 

32. 0 

11.62 

0. 86 

-364. 8 

743 

318 

2. 920 

19 

1912... -- 

31. 6 

20. 32 

28.82 

30(i. 3 

-3, 824 

-331 

2, 1.50 

17 

1913 - ... 

20.0 

12. 17 

4.5.03 

317.2 

2, 184 

199 

7, 40(i 


1914.. 

22.9 

14. 09 

-0.29 

99. 8 

2,217 

308 

-.5,001 

13 

1915. .. . 

32.9 

21.50 

68.08 

-844.0 

-2, 362 

0 

-3, 4.52 

11 

1910 

19. 0 

12.83 

-38. 03 

-404.8 

1, lti7 

182 

-11,034 

9 

1917.. 

24.2 

13.26 

-21. 70 

-258.3 

3, 55(( 

220 

-4, 142 

7 

1918 

16. 9 

11.57 

-42.05 

151. 2 

1,061 

-4.51 

-2,918 

.5 

1919 

33, 1 

21.36 

40.02 

420.7 

-6, 094 

-732 

13,180 

3 

1920..-.. 

22.3 

19.24 

52. 40 

-443. 2 

4, 920 

49(i 

-3, 142 

1 

1921 

20.1 

12.44 

-33. 2(i 

-115.2 

-1,540 

153 

-0, 448 

-1 

1922 

9.0 

14.49 

-72, 85 

-412.0 

1,041 

-192 

16, 069 

-3 

1023 ... 

20.3 

12. 82 

3.74 

003. 8 

-084 

-4{i4 

12,692 


1924 - .. 

14.1 

17.38 

-49.88 

-220.8 

628 

40 

472 

-7 

1925 - ... 

27.3 

11.12 

16. 16 

-44. 0 

-3,861 

25 

3, 377 

— 9 

1926 .. 

29.8 

11.00 

12.80 

-105.2 

l.CHHi 

3.50 

4,317 

-11 

1927 - 

21,1 

15. (Hi 

-18.74 

-22.4 

-2, 142 

-523 

2,238 

-13 

1928 

12.1 

14.55 

4.3.27 

-499.1 

528 

-190 

-7,442 

-15 

1929 

9.9 

15,76 

-65. 00 

-772.0 

-1,852 

700 

4, 762 

-17 

1930-.-- 

15.0 

6. 91 

.07 

-352. 0 

-734 

102 

1,830 

-19 

1931 - 

34.1 

15.25 

10.89 

304. 5 

3, 363 

-117 

11,998 

-21 

1932 - 

23.7 

10. 52 

4.08 

-171.0 

-1,852 

421 

6,670 

-23 

1933 - 

6.9 

12.01 

-40.71 

471.7 

-3, 335 

-288 

-6,966 

-25 

1934 

2.5.6 

11.77 ! 

103.85 

40.4 

841 

584 

2,968 

-27 

1936- 

29.0 

27. 89 

95.45 

-157.9 

-14,772 

-72 

-20,027 

-29 

1930 .- 

21.1 

12. 10 

30.02 

-135.3 

-2,733 

-376 

6,463 

-31 

Sum.. 

725.3 

476.43 

184. 59 

-2, 740. 3 

-14,058 

790 

40,777 

0 

Mean 

2 X 07 

14.89 

iTii 

-8^8 

-439.3 

~ 24.7 

1,274.3 



Although it was not expected that there would be any marked sign of 
change in the six series of values pp' . . . pc' they were examined. 
No changes were evident. As a linear regression is being fitted to 
the yields, it is also fitted to the series pf . . , pf in order not to 
disturb the tests of significance of the regression coefficients. 

As the individual deviations of yield from the regression line are 
not needed elsewhere, the sums of squares and of products with 
Po' . • . • • Ps' were obtained without calculating the six series of 
individual deviations from trend. The values of the first order for 
n equals 32 were employed in the following way: 

and 

(p^-EyoW) =S(2/Po') - iSy) (Spo')M-~ifi'2/)lf /po')/S(fi'^) 

* JSJvii' is tbe estimated value from the regtession of y on 
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because the sum of the squared deviations from linear regression 

~ {Syyin- 

=S{y^) - {SyYIn- {S^}yymn 


The computation of the sums of squares and products of deviations 
from linear trend line by the above expression from values in table 2 
are illustrated below. The value 10,912 for is obtained directly 

from the foot of the tables of ^'s for n equals 32 in tlie statistical 
tables compiled by Fisher and Yates (5). 


'Fable 2.- Sums of squares and of producAs of yield p f and from table 1 


ViiriuLUij 




\' 

P«' 

.«i' 

o?' 

oj' 

P4 

eh 

Cl' 

771. 35 

11,350. s:{ 

1 1, 774. 50 

-03. 574. M 

-H40, H.'jK. 4 

H5, 000. 5 

1,300,207.8 

1,423.9 


7, 703. 8H 

5, 400. 0 

-4H, 105 

- HO I, OHl 

12,781 

404, 234 

450. 03 



OK, 301 

12.870 

-1, 108, 048 

00, 20H 

-331. 207 

-2. 775.33 

.. - - - . 



4. 470. HI 1 

-4.280,801 

-2,H42.HII 

15, 503. 474 

2. 304. 5 





425.477,142 | 

17, 538, 020 

200, 832. 155 

8.53, 872 





. . - . . . ' 

4, 55H, 478 

805,211 

12, 742 

— 

- ■ 


. . 


— 

1,952,530, 037 

227, 501 
10,912 









For sums of squares: 

S{y- rWY- 18 

and for sums of product/s: 


S(?/ EytO W E/ii) -- 1 1,350.834 - (^?Mm7«.48) 


(1,423.9) (459.03) 
10,912' 


=492.352 


These and the remaining values of the sums of cross products of 
yield with the rainfall distribution coefficients po' . , . pg' with 
linear trend removed from eacli are: 

Sitjpo') -- 492.35 S(yp;i') - - 1:^9,146.2 

S{ypi')= 7,952.80 S{yp,')^- 15,501.0 

^iypz) = - 1,628.25 S{jjp,') - 406,227.3 

Here and in succ^eeding pages relating to corn the notations y and 
pi' refer to values with trend eliminated. The values of the sums of 
squares and products of deviations from linear trends fitted to the 
six series of rainfall distribution coefficients are shown in table 3. 


Table 3. — Wooster j Ohio^ rainfall distribution coefficients: Sums of squares and 
products corrected for contributions of linear trend 

DIRECT 


Variable 

po' 

Pi' 

pj' 

P3' 

Pi' 

P»' 

pfi' — - 

.501.28 

2, 828. 4 

-7, 404 

-221,248 

483 

-122, 445 

pi' 

2, 828. 4 

00, 504 

29. 304 

-1, 200, 0H3 

58, 977 

-511, 549 

P5' -- 

~7, 404 

20,304 

4, 243. 101 

-5, 073, 074 

-2, 277, 203 

19, 014,974 



-221, 248 

-1, 2(M), 083 

-5, 073. 674 

3.52, 485, 177 

10, 888. 015 

269. 9.39. 185 

P4' 

483 

.58, 977 

-2. 277, 203 

10. 888. 015 

4, 519, 000 

-377, 195 

ps' 

-122,446 

-511.549 

19,014. 974 

i 

209, 939. 185 

-377, 195 

1,895,832,968 
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Table 3. — Wooster j Ohio, rainfall distribution coefficients: Sums of sqmres and 
products corrected for contrihuiions of linear trend — Continued , 


IN CODE 


Variable 

po'/lC^ 

piVio* 

P27i0* 

Pi lid* 

piVio’ 

Pblid* 

.... , -- -- 

5.912K 
% 2.H2S4 
7494 
-2.212r, 

. 04K:4 
-1.2244 

2.8284 
G. r>5»4 
. 2«;«) 
-1.2007 
. 5898 
511.5 

-0. 7404 
. 29.'U) 
4. 24;i2 
-.5074 
-2. 2772 
1.9015 

-2. 2125 
-1.2007 
-. 5074 

3. 5248 
1.0889 

2. 0994 

0.0483 
. 5898 
-2. 2772 
1.0889 
4. 5191 
-.0377 

-1.2244 
-.5115 
1.9015 
2.0994 
-.0377 
18. 9583 

PsVio^--- . 

.. 

pif I to* 



The partial regression coeflicients af, a/, , . . af of yield on 
rainfall distribution coefficients po' . . . pf may be obtained 

from the solution of the six simultaneous ecpiations: 

+afS(pfpn + a./S(pfp/)+ . • . +«5'(po'pr,') -&X?/Po') 


c ^' S ( po ' pf ) + afSWpn + afS ( p 2 ' pf )+ . . . ^ Siypf ) (7) 

As the rainfall distribution coefficients may eventually be corre- 
lated with jdeld data from more than one plot, it was advantageous 
to calculate at tliis stage the values of the multipliers Cr,* (See 
sec. 29 f for a discussion of O values.) 

The solution for these C values appears in table 4 from the six sets 
of six simultaneous equations in the following manner: 

Ao. I- CrlSWPl') \-Cr2S{po'p/) -I- Cr,S(p,'p/) 

-1 CUSipo'p,') I- CUSWpr/) - 0,0, 0,0,0, 1 

At. CroSWpo^) f CrlSipn 1 Cr2S{pi'p/) 1 • 

■ j CV4*S’(pi'p4') -1- Cr,S{p,'pr/) :^.-0,0,0,0,l,0 
A2. CroS (P2 VoO “I" (-^rlS {p'/ Pi') + CrzSip-i'^) + Cr^S {pz pi) 

+ Ch 5(P2'P4') + a5.S(p/p5') -0,0, 0,1, 0,0 

^3. CroSWp,') 4- ai*^(p3'pi') -f^ CrzSip/p/) + Cr,S{p/^) 

+ CriSipz^Pi') 4' Cr^SWp,') -0,0,1,0,0,0 

A,. CroS{p,'po') 4 CrlSWpi') 4- CrzSip.'pz') + C^Sip/ P,') 

4-CV4«(p 4'2) 4-a55(P4'P6') -0,1,0,0,0,0 

As. CroS(ps'po') + CrlSWpi') 4 CrzSips'p/) 4- Crops' Ps') 

+ CriSips'pi') 4- CrsSips'^) - 1,0, 0,0, 0,0 

In the first set of equations to be solved, equation As is set equal to 1 
and the others are set equal to 0. In succeeding sets a similar pro- 
cedure is followed with a different equation being set equal to 1. 
The subscript r for the C values in any set of the equations follows 
that of the equation that is set equal to 1 . The scheme of the solution 
followed in table 4 is that set out by Waugh {8). 

The C values can be obtained in terms of the reduced equations in 
table 4. For the first set of six simultaneous equations these are 
obtained as follows: 

Cm= 1/om'= 0.06557213 
Cw — 045 Cm " 0.0083606 1 

Cm- Om'Cj,+ Oo 4''C«+ aM*CK,+ ora'Csj+OM 'Cm = -0.01840803 



Table 4. — Reduction of the simultaneous equations Aq . 
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The values Cr4, 6V3, etc., are calculated by a similar process and the 
final figure to be calculated is: 

Coo ™ 1 / H“ ^06^^ Cos 4“ ^04^^ Co 4 “I" ^ 03 ^^ C()3 4" Co 2 "f Col 0 .289/)63 1 3 

The l/ttrr' are to be obtained in the solution in table 4 and entered 
(with sign changed) to the left of the Urr values. 

For convenience, a coding process was used on the sums of squares 
and products in table 3 as four or five significant figures were thought 
adequate. The coding was performed by divisions of powers of 10 
by setting the decimal to the left the appropriate number of places. 
By inspection of the sums of squares, a divisor of a power of 1 0 best 
suited for each coefficient was selected. Remembering that expo- 
nents are added wlien multiplying numbers, the power of 10 is 
doubled in case of a sum of squares, and the exponents are added in 
case of a sum of products. Thus, for P 2 ' the divisor is 10^ which 
becomes 10® on squaring and the sum of squares 4,243,102.10 is 
coded to 4.2432; and for the product of pi'p2' the divisors are 10" 
and 10® which on multiplying become lO"' and the sum of products 
of 29,303.646 is coded to 6.2930. The lower part of table 3 contains 
the coded values. Upon completion of the solution in table 5 it is 


Table Values of Cr»y in code 


r ■- ... .V 

CrO.W 

rr,.102 

rvj.io-^ 

fVa.KM 

( W.IO' 

( 're. W 

r;o..io‘ . 

0. ‘isowi:! 

-0.092118 

0. 078552 

0. 187531 

-0.021728 

• 0.018408 

Cu. 102 

-.00211H 

. 204791 

- . (K)409:i 

. 03.5030 

-.071125 

. (KK)875 

r^2,.i03 .. . 

. 078552 

-.(XUOOIl 

. 373820 

. 027825 

.18.5182 

-. 037743 



. 187531 

. (W51W0 

.027825 

..571720 

-.200818 

-.071.5.50 

CVIOS. . 

-.021728 

-.071125 

. 185182 

-.200818 

.401475 

. 008351 



-.018408 

.00087.5 

-.037743 

-.071550 

. 008351 

. 0(}.5572 


necessary to decode. Owing to the nature of the C values, the 
decoding is done by dividing again by the same powers of 10 rather 
than by multiplying as might be expected. The decoded C values 
appear in table 6. 


Table 6. — Values of Cra, decoded 



CrO 

Crt 

Cr, 

CtS 

Cri 

Cre 

Co..-,-- — 

-0. 002895G3 

-0.0*92118 

0.0*78552 

0. 0*187.531 

-0. 0*21728 

-0. 0*18408 

Cu 

-. 0<92118 

. IH204791 

-.0*64093 

.0736030 

-.0*71125 

. 0*875 

C 2 *- 

. 0*78552 

-.0*64093 

. 0*373820 

.0*27825 

.0*185182 

-. 0*37743 

Cu.-.- 

.0*187531 

.0736010 

.0*27825 

.0*.571720 

-. 07200818 

-.0*71550 

' 4 . 

-.0*21728 

-. 0*71126 

. 0*185182 

-.07206818 

. 0*401475 

.0*8351 

Cu - ---- 

-. 0*18408 

.0*875 

-.0*37743 

-.0*71550 

. 0*8351 

.0*65572 


The partial regression coefficient an' of any dependent variate 
y on ps' may then be rapidly obtained from the equation: 

«/=Co^(Po'y) +C..S(pt'3/) +a,S(p2't/) +C,^( p3'2/) 


( 8 ) 



AVERAGE 
DATE OF 
SILKING. 
JULY 31 
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because the sum of the squared deviations from linear regression 

~ {Syyin- 

=S{y^) - {SyYIn- {S^}yymn 


The computation of the sums of squares and products of deviations 
from linear trend line by the above expression from values in table 2 
are illustrated below. The value 10,912 for is obtained directly 

from the foot of the tables of ^'s for n equals 32 in tlie statistical 
tables compiled by Fisher and Yates (5). 


'Fable 2.- Sums of squares and of producAs of yield p f and from table 1 


ViiriuLUij 




\' 

P«' 

.«i' 

o?' 

oj' 

P4 

eh 

Cl' 

771. 35 

11,350. s:{ 

1 1, 774. 50 

-03. 574. M 

-H40, H.'jK. 4 

H5, 000. 5 

1,300,207.8 

1,423.9 


7, 703. 8H 

5, 400. 0 

-4H, 105 

- HO I, OHl 

12,781 

404, 234 

450. 03 



OK, 301 

12.870 

-1, 108, 048 

00, 20H 

-331. 207 

-2. 775.33 

.. - - - . 



4. 470. HI 1 

-4.280,801 

-2,H42.HII 

15, 503. 474 

2. 304. 5 





425.477,142 | 

17, 538, 020 

200, 832. 155 

8.53, 872 





. . - . . . ' 

4, 55H, 478 

805,211 

12, 742 

— 

- ■ 


. . 


— 

1,952,530, 037 

227, 501 
10,912 









For sums of squares: 

S{y- rWY- 18 

and for sums of product/s: 


S(?/ EytO W E/ii) -- 1 1,350.834 - (^?Mm7«.48) 


(1,423.9) (459.03) 
10,912' 


=492.352 


These and the remaining values of the sums of cross products of 
yield with the rainfall distribution coefficients po' . , . pg' with 
linear trend removed from eacli are: 

Sitjpo') -- 492.35 S(yp;i') - - 1:^9,146.2 

S{ypi')= 7,952.80 S{yp,')^- 15,501.0 

^iypz) = - 1,628.25 S{jjp,') - 406,227.3 

Here and in succ^eeding pages relating to corn the notations y and 
pi' refer to values with trend eliminated. The values of the sums of 
squares and products of deviations from linear trends fitted to the 
six series of rainfall distribution coefficients are shown in table 3. 


Table 3. — Wooster j Ohio^ rainfall distribution coefficients: Sums of squares and 
products corrected for contributions of linear trend 

DIRECT 


Variable 

po' 

Pi' 

pj' 

P3' 

Pi' 

P»' 

pfi' — - 

.501.28 

2, 828. 4 

-7, 404 

-221,248 

483 

-122, 445 

pi' 

2, 828. 4 

00, 504 

29. 304 

-1, 200, 0H3 

58, 977 

-511, 549 

P5' -- 

~7, 404 

20,304 

4, 243. 101 

-5, 073, 074 

-2, 277, 203 

19, 014,974 



-221, 248 

-1, 2(M), 083 

-5, 073. 674 

3.52, 485, 177 

10, 888. 015 

269. 9.39. 185 

P4' 

483 

.58, 977 

-2. 277, 203 

10. 888. 015 

4, 519, 000 

-377, 195 

ps' 

-122,446 

-511.549 

19,014. 974 

i 

209, 939. 185 

-377, 195 

1,895,832,968 
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Table 3. — Wooster j Ohio, rainfall distribution coefficients: Sums of sqmres and 
products corrected for contrihuiions of linear trend — Continued , 


IN CODE 


Variable 

po'/lC^ 

piVio* 

P27i0* 

Pi lid* 

piVio’ 

Pblid* 

.... , -- -- 

5.912K 
% 2.H2S4 
7494 
-2.212r, 

. 04K:4 
-1.2244 

2.8284 
G. r>5»4 
. 2«;«) 
-1.2007 
. 5898 
511.5 

-0. 7404 
. 29.'U) 
4. 24;i2 
-.5074 
-2. 2772 
1.9015 

-2. 2125 
-1.2007 
-. 5074 

3. 5248 
1.0889 

2. 0994 

0.0483 
. 5898 
-2. 2772 
1.0889 
4. 5191 
-.0377 

-1.2244 
-.5115 
1.9015 
2.0994 
-.0377 
18. 9583 

PsVio^--- . 

.. 

pif I to* 



The partial regression coeflicients af, a/, , . . af of yield on 
rainfall distribution coefficients po' . . . pf may be obtained 

from the solution of the six simultaneous ecpiations: 

+afS(pfpn + a./S(pfp/)+ . • . +«5'(po'pr,') -&X?/Po') 


c ^' S ( po ' pf ) + afSWpn + afS ( p 2 ' pf )+ . . . ^ Siypf ) (7) 

As the rainfall distribution coefficients may eventually be corre- 
lated with jdeld data from more than one plot, it was advantageous 
to calculate at tliis stage the values of the multipliers Cr,* (See 
sec. 29 f for a discussion of O values.) 

The solution for these C values appears in table 4 from the six sets 
of six simultaneous equations in the following manner: 

Ao. I- CrlSWPl') \-Cr2S{po'p/) -I- Cr,S(p,'p/) 

-1 CUSipo'p,') I- CUSWpr/) - 0,0, 0,0,0, 1 

At. CroSWpo^) f CrlSipn 1 Cr2S{pi'p/) 1 • 

■ j CV4*S’(pi'p4') -1- Cr,S{p,'pr/) :^.-0,0,0,0,l,0 
A2. CroS (P2 VoO “I" (-^rlS {p'/ Pi') + CrzSip-i'^) + Cr^S {pz pi) 

+ Ch 5(P2'P4') + a5.S(p/p5') -0,0, 0,1, 0,0 

^3. CroSWp,') 4- ai*^(p3'pi') -f^ CrzSip/p/) + Cr,S{p/^) 

+ CriSipz^Pi') 4' Cr^SWp,') -0,0,1,0,0,0 

A,. CroS{p,'po') 4 CrlSWpi') 4- CrzSip.'pz') + C^Sip/ P,') 

4-CV4«(p 4'2) 4-a55(P4'P6') -0,1,0,0,0,0 

As. CroS(ps'po') + CrlSWpi') 4 CrzSips'p/) 4- Crops' Ps') 

+ CriSips'pi') 4- CrsSips'^) - 1,0, 0,0, 0,0 

In the first set of equations to be solved, equation As is set equal to 1 
and the others are set equal to 0. In succeeding sets a similar pro- 
cedure is followed with a different equation being set equal to 1. 
The subscript r for the C values in any set of the equations follows 
that of the equation that is set equal to 1 . The scheme of the solution 
followed in table 4 is that set out by Waugh {8). 

The C values can be obtained in terms of the reduced equations in 
table 4. For the first set of six simultaneous equations these are 
obtained as follows: 

Cm= 1/om'= 0.06557213 
Cw — 045 Cm " 0.0083606 1 

Cm- Om'Cj,+ Oo 4''C«+ aM*CK,+ ora'Csj+OM 'Cm = -0.01840803 



Table 4. — Reduction of the simultaneous equations Aq . 
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The values Cr4, 6V3, etc., are calculated by a similar process and the 
final figure to be calculated is: 

Coo ™ 1 / H“ ^06^^ Cos 4“ ^04^^ Co 4 “I" ^ 03 ^^ C()3 4" Co 2 "f Col 0 .289/)63 1 3 

The l/ttrr' are to be obtained in the solution in table 4 and entered 
(with sign changed) to the left of the Urr values. 

For convenience, a coding process was used on the sums of squares 
and products in table 3 as four or five significant figures were thought 
adequate. The coding was performed by divisions of powers of 10 
by setting the decimal to the left the appropriate number of places. 
By inspection of the sums of squares, a divisor of a power of 1 0 best 
suited for each coefficient was selected. Remembering that expo- 
nents are added wlien multiplying numbers, the power of 10 is 
doubled in case of a sum of squares, and the exponents are added in 
case of a sum of products. Thus, for P 2 ' the divisor is 10^ which 
becomes 10® on squaring and the sum of squares 4,243,102.10 is 
coded to 4.2432; and for the product of pi'p2' the divisors are 10" 
and 10® which on multiplying become lO"' and the sum of products 
of 29,303.646 is coded to 6.2930. The lower part of table 3 contains 
the coded values. Upon completion of the solution in table 5 it is 


Table Values of Cr»y in code 


r ■- ... .V 

CrO.W 

rr,.102 

rvj.io-^ 

fVa.KM 

( W.IO' 

( 're. W 

r;o..io‘ . 

0. ‘isowi:! 

-0.092118 

0. 078552 

0. 187531 

-0.021728 

• 0.018408 

Cu. 102 

-.00211H 

. 204791 

- . (K)409:i 

. 03.5030 

-.071125 

. (KK)875 

r^2,.i03 .. . 

. 078552 

-.(XUOOIl 

. 373820 

. 027825 

.18.5182 

-. 037743 



. 187531 

. (W51W0 

.027825 

..571720 

-.200818 

-.071.5.50 

CVIOS. . 

-.021728 

-.071125 

. 185182 

-.200818 

.401475 

. 008351 



-.018408 

.00087.5 

-.037743 

-.071550 

. 008351 

. 0(}.5572 


necessary to decode. Owing to the nature of the C values, the 
decoding is done by dividing again by the same powers of 10 rather 
than by multiplying as might be expected. The decoded C values 
appear in table 6. 


Table 6. — Values of Cra, decoded 



CrO 

Crt 

Cr, 

CtS 

Cri 

Cre 

Co..-,-- — 

-0. 002895G3 

-0.0*92118 

0.0*78552 

0. 0*187.531 

-0. 0*21728 

-0. 0*18408 

Cu 

-. 0<92118 

. IH204791 

-.0*64093 

.0736030 

-.0*71125 

. 0*875 

C 2 *- 

. 0*78552 

-.0*64093 

. 0*373820 

.0*27825 

.0*185182 

-. 0*37743 

Cu.-.- 

.0*187531 

.0736010 

.0*27825 

.0*.571720 

-. 07200818 

-.0*71550 

' 4 . 

-.0*21728 

-. 0*71126 

. 0*185182 

-.07206818 

. 0*401475 

.0*8351 

Cu - ---- 

-. 0*18408 

.0*875 

-.0*37743 

-.0*71550 

. 0*8351 

.0*65572 


The partial regression coefficient an' of any dependent variate 
y on ps' may then be rapidly obtained from the equation: 

«/=Co^(Po'y) +C..S(pt'3/) +a,S(p2't/) +C,^( p3'2/) 


( 8 ) 



AVERAGE 
DATE OF 
SILKING. 
JULY 31 
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throughout the 120-day period. Tliis is a continuous curve smoothed 
from the 24 points found by substituting successively the values of 
fo' . . . fs' for —23 to +23 in equation (6), a = oq' (o' + a/ + . . . , 
and using the above calculated values of oq' . . , as'. 

The significance of the amount of variation in the annual yields 
accounted for by the regression formula may be investigated by 
determining the distribution of the total variance of yield, corre- 
sponding to 30 degrees of freedom (1 having been used in eliminating 
trend) between the G degrees of freedom of the regression formula and 
the 24 degrees of freedom appropriate to deviations of yield from the 
regression formula. From table 7 it is apparent that the regression 
formula has accounted for 54 percent of the total variance of yield. 
The ratio of the two mean squares is F = 4.7(6'), a highly significant 
value. 

IVble 7 . — Analyaia of variance of yield of corn 


Source 


Pn'(!ipitutioii rcRressioii . 
Dovijitiou from rcf;r<‘Ssioii 




1 of 

Sums of 


fivtulom 

.sqUSiri'S 


() 

1. 102. 03 

*M03. S2 

24 

OSO. 24 

41. 00 

30 

2,140. 17 


^ U.fvlll 
i: - .7H- 






C'ONTRIBIJTIONS OF TIIK DIFFERENT TeRMS IN THE KeoRESSION t'oRMHEA 

The ao', a/, . . . otf are the! coefficients in the represc'idations (by 
orthogonal polynomials) of the regression function of yi(id on rainfall . 
They are tilso the partial regression coefficients of yicid on the 
Oth, Jst, . . . 5th coefficients of the orthogonal polynomials fitted to 
cacli yearns I'ainfall, and such partial regression coefficients represent, 
in order, the regression of yield on total seasonal rainfall, on the aver- 
age rate at which the rainfall was increasing or decreasing during the 
season, on the parabolic term in the rainfall sequence, and so on to the 
higher terms of the polynomials fitted to the seasonal rainfall. Each 
pf these regression coefficients in the formula may be tested to sec if 
it differs significantly from zero sec. 29). The coefficient a/, 
which represents the regression on the linear component of a poly- 
nomial, when tested is highly significant. The t value is 3.55 as coin- 
pared with 2.797 at the l-percent level for 24 degrees of freedom. 
Neither coefficient af, representing the regression on the mean rainfall 
for the season, nor the coefficients af, as', approach significance. 
The coefficient approaches the 5-percent level of significance, it 
having a t value of 1.84 as compared with the tabular value of 2.064. 
Had yield been studied only in relation to the total rainfall during the 
season we might have arrived at the misleading conclusion that the 
total amount affects yield. The present analysis show's that the real 
effect is from the distribution. 

ANALYSIS OF SPRING WHEAT DATA 

The analysis of the spring wheat data involves the steps which are 
necessary in obtaining the regression of yield on the amount and 
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distribution of r« inf all, and also the partial regression of yield on the 
amount and distribution of evaporation eliminating associated rainfall 
effect. Whereas six coefficients representing tlie seasonal amount and 
distribution of rainfall were used in the corn analysis, only four 
coefficients are used in the analysis of tlie spring wheat yields to obtain 
a regression fuiK'tion of a similar nature. 

The decision to use a third-degree polynomial resulted from having 
first used a fifth-degree polynomial to represent the seasonal amount 
and distribution of rainfall and finding that the contributions of the 
fourth and fifth terms were not significant. 

The regression of wheat yield on the amount and distribution of 
rainfall is found first by the method outlined in the previous section. 


Table S . — Average i^pring wheat yields from two contimwusly cropped plots at 
Dickinson j N. Dak.^ and seasonal rainfall distribution coefficients 


Yonr 

Yield 
I)«‘r ac re 

/'O' 

pi 


pi* 

Year 

Yield 
in^r acre 

po' 

Pi 

Pi* 

Pi 


Bnshth 

21.0 

10.48 

3.88 

-087.0 

-192 

1922 

Bunheh 

21.0 

11.07 

39. .09 

~ .099. 2 

-3, 336 

. 

20. 0 

11. 14 

3r>. so 

- 71M1.0 

-01 

1923- . 

11.3 

12.23 

88. 79 

219. 1 

-1,714 

1910.. 

17.8 

7. 92 

14. 10 

- 8 . 2 

no 

1924 . 

10. 0 

8.10 

4.0. 92 

-173.7 

- 1,324 

1911 ... 

0. 0 

4. 99 

2. f)7 

-3.07. .0' 

-.00.0 

192.0 -- 

{). 8 

7 7.0 

18.23 

-430.1 

-409 

]9i:i ... 

17.0 

0. 43 

10. .V. 

-19.0. 0 

-990 

1920 1 

.0 

0. 44 

6. 02 

-38.0. 7 

-1,104 

J9H .... 

9.7 

10. 79 

144.07 

338. 0 

.0, 940 

1927 . . 

12.4 

11.01 

‘ 29. 01 

-248. 2 

1,447 

i9ir> 

27. 2 

13. 42 

70. 48 

-479. 9 

242 

1928... 

13.8 

9. 28 

49. 80 

-218.4 

-3, 900 

1910 .. 

18.8 

11.01 

12. 93 

■•■282.0 

-2, 008 

1929 .. 

9.2 

7. .01 

4.71 

-776. 2 

-787 

1917 

4. 1 

4. 80 

1.02 

-200.7 

-2,040 

1930 . . 

0.2 

7. 48 

-13.00 

-383. 2 

-1,6.01 

1918 . 

0.4 

7. 12 

1.00 

7.0. 9 

1,030 

1931... 

1. 1 

! 0.41 

4.0. 77 

- 3.05. 3 

-3, 742 

1919.... 

.0 

4.74 

-38. 12 

109.2 

1,348 

1932 .. 

14.7 

9. 70 

4.80 

-7.01.4 

-1,480 

1920 

14.2 

9. 30 

01. .00 

-271.4 

- 3. 197 

1933 ... 

1.3 

7.27 

18. 23 

-194.0 

-971 

1921.... 

3.2 

7. f)0 

20. 70 

-270. 7 

-773 

1934.. . 

.0 

.0. .01 

12. 8.0 

-290. 1 

-3, 6.03 


Table 8 includes the annual yield values and the annual rainfall 
distribution coefficients. It is evident that there is a slight downward 
trend in yields of these continuously cropi)ed plots. In order to 
eliminate trend, a linear regression line was fitted in all cases; but 
because of the missing year, 1912, the values could not bo used as in 
corn, and individual deviations had to be calculated. In table 9 are 


Table 9 . — Yield and rainfall distribution coefficients from table S with linear trend 

removed 


Year 

Yield 

po' 

pi' 

pi* 

pi' 

Year 

Yield 

po' 

Pi' 

p.' 

ps' 

■ 

1908.-J 

3. 1.0 

0. 72 

-30. 27 

-302. 7 

-809 

1922 ... 

11.05 

3.05 

15.33 

-306. 6 

-2, 372 

1909.. __ 

8.67 

1.40 

2. 30 

-.060. 9 

-.06.0 

1923.. 

1.27 

3.69 

05. 24 

516. 5 

-637 

1910 .... 

.99 

-1.67 

-18. 63 

220. 3 

-275 

1924 _ 

7.09 

-.36 

2:1. 08 

128. 5 

-135 

1911... . 

-12. 69 

-4. 52 

-29. 40 

-118.1 

-783 

192.0... 

-3.19 

-.63 

-3.91 

-129.1 

833 

1913... 

1.70 

-3. 92 

-14.00 

54. 0 

-1,048 

1926... 

-8.47 

—1. 80 

-14. 81 

-7:1.8 

:iii 

1914 - . . 

-6, 02 

7. 52 

114.00 

.092. 4 

6, (K).0 

1927- 

4.40 

3. 29 

-50. 34 

68, 5 

2,976 

191.0 .. 

13. m 

4.23 

40. 28 

-221.2 

415 

1928-- 

0. 38 

1.14 

29.84 

103. 1 

-2, 259 

1910 

5.12 

1.90 

-1.0. 50 

-18. ,0 

-1, 782 

1929.... 

2. ;io 

-. 55 

-14.00 

-449. 8 

967 

1917..,. 

-9. 00 

-4. 23 

-23. 77 

62.7 

-1,641 

1930 . .. 

-.18 

-.,oo 

-:i2. 27 

-52. 0 

216 

1918 ‘ 

-7.24 


-25. .02 

349. 1 

2. 142 

1931.... 

-4. 70 

-1.49 

27. 87 

-19.2 

-1, 762 

1919... 

-11. 52 

-4. 13 

-04. .00 

387.2 

1,973 

19:12-... 

9. 30 

1.94 

-12.34 

-410. 5 

613 

1920..,. 

2.61 

.67 

25. 83 

IL.O 

-2. 4.09 

ift:w.._ 

-3. 62 

-.47 

1.74 

151. 1 

1,234 

1921.... 

-7. 87 

-1. 21 

.74 

17.0 

78 

1934- .. 

-3.69 

-2. 14 

-2.93 

64.5 

-1,235 


shown the yields and rainfall coefficients with trend removed, and in 
future calculations these deviations from linear trend are used instead 
of the actual values. 
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The sums of products of deviations from linear trend of yield and 
rainfall distribution coefficients are: 

S(2/p„')= 310.0348 S(2/P2') = -23,121.527 

SivPi') = 1,055.3187 S(j/P3') = -81,791.340 

The sums and products of deviations of rainfall distribution coeffi- 
cients appear in table 10. Table 11 displays the rainfall multipliers. 

Table 10. — Smm of squares and products of deviations of rainfall coefficierds 


Variable 

po 

pi' 

oa' 

pi' 

0{/. .. 

209.7418 
1, 798. 6864 
mi. 920 
45.413.89 

1, 798. 6864 
34, 787. 8882 
77.137.194 
217, 110. 13 

634. 920 
77, 137. 194 
2,00.'), 019. 60 

5, 140. 831. 1 

4.'), 413. 89 
217,110.13 
5, 140. 831. 1 
87, 699, 870 

— ---- - 

P3'-. -■ 


Table IT. — Values of Crairainfall) from the sums of squares and products in table JO 



CrO 

Cl 

C;i 

Cri 

a,... 

0.0116104116 

-0.03643.33920 

0. 0<3S137625 

"-0.0W)51739 

... 

0364333920 

.0<67079232 

05.3.3015510 

. 0fi36061272 

C-'a* - - - 

. (9.38137625 

-.0*33016510 

. (K-75710799 

- . 075.59.59632 

Cip 

-.0W)617.39 

.()«36061272 1 

1 

075.')959632 

. 0717236327 



These multipliers, or C values, are calculated as outlined in a previous 
section of this report. The regression of yield on rainfall is then 
obtained by myltiplying the sums of cross products of yield and rain- 
fall distribution coefficients times the appropriate multipliers from 
table 11, according to equation (8) as follows: 

310.0348 (0.0116104116) + 1 ,65.5.3187 (-0.0364333920) + (-23,121.527) 
(0.0<381 37625) + (-81,791.34) (-0.0366551739) =2.19723569 

310.0348 (-0.0»64333920) + 1 ,655.3187 (0.0*67079232) + (-23,121.527) 
(-0.0'33015510) 4 (-81,791.34) (0.0*36061272) = -0.041.57813 

310.0348 (0.0*3813 762.5) 4-1, 655.3187(-0.03.33015510) 4- (-2.3,121. .527) 
(0.0»76716799)4-(-81,791..34) (-0.03.559,59632)= -0.00657100 

310.0348 (-0.0*66551739)4-1,655.3187 (0.0*36061272)4- (-23,1 21.527) 
(-0.0355959632) 4- (-81,791.34) (0.0317236327)= -0.00158232 

As already explained, these four regression coefficients are used to 
estimate the average effect on the crop in bushels per acre of an extra 
inch of rainfall occurring within the 120-day period. Figure 2 shows 
the course of this function. 

The regression of wheat yield on rainfall having been found, we 
turn our attention to the evaporation records. These are to be 
treated exactly as were the rainfall records, that is, four distribution 
coefficients,Eo, Ei, Ej, Ea, representing the evaporation for the twenty- 
four 5-day periods for each season were calculated by fitting a third- 
degree polynomial to the evaporation sequence of each season. The 
actual values and deviations from linear trend of the four series of 
distribution coefficients are shown in tables 12 and 13, respectively. 
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Figitue 2.— Average effect of an additional inch of rainfall on the yield of spring 
wheat from continuously cropped plots at Dickinson, N. Dak. 


The partial regression of yield on evaporation, eliminating asso- 
ciated rainfall effect, is determined as outlined by Tippett (7) and 
Hopkins (5). The associated rainfall effect must be removed from 
the evaporation values, as must also that portion of the variation in 
yield that is due to rainfall. The residual evaporation values are 
then correlated with the yield residuals to give the desired relationship 
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between yield and evaporation with the associated rainfall effect 
removed. It is well to recognize here that instead of now using this 
additional factor, handled in much the same manner as rainfall, we 
might have used a single factor, had we wished, such as the amount 
of moisture available in the soil at the beginning of the season. 


Table 12 — Evaporation distribution coefficieniSy Dickinsonj N. Dak. 


Year 

E, 

El 

Ei 

it’s 

Year 

E, 

El 

E, 

Ez 

BMW . . 

20. 591 

81.947 

71.495 

-.368.841 

1922 , . 

18.913 

40. 457 

- 325. 8.53 

814. 859 

190« 

18.084 

:i9. 492 

-37.416 

518.804 

1923 

20. 647 

74. 721 

-352.811 

-419. 713 

1910 

25. 855 

79. 529 

215.941 

-1,889.197 

1924 

18. 220 

67. 542 

102. 226 

967. .524 

1911 

27. 081 

71.259 

i:i8. 8:37 

-1.103.117 

1925 . 

23.974 

75. 048 

-52. 898 

-769. 344 

1913 ... 

21.8:11 

71. 171 

-15. 8:31 

-775. 983 

1926. 

25. 347 

70. 593 

-5.5. 773 

1,884. 341 

1914 

20. 746 

80.288 

39. 958 

-1,444.484 

1927 

18. .507 

69. 313 

42. 237 

592. 551 

19ir» 

18.508 

.792 

93. 772 

-1,397.716 

1928 

19. .585 

25. 653 

-217. 655 

2,984.581 

1916 

17.718 

42. 270 

-82.212 

419.920 

1929 

22. 828 

97. 140 

140. 266 

1,781.810 

1917 

23. 716 

137. 874 

-.59. 312 

591. 918 

19:30 

25. 750 

126. 7(M) 

393. 322 

-1. :146. 7(K) 

1918 

21.415 

69. 221 

- 323. 603 

-70.993 

1931 

28.690 

81.6.38 

- 75. 806 

2, 824. 866 

1919 

29. 259 

1.30.223 

- 266. 649 

-1, ,3.39. 6f)9 

1932 

22. 496 

109. 7:36 

367. 790 

573. 4(52 

1920 

18. .584 

52. 860 

-281.080 

1,496.780 

1933 

26. 435 

I 139 . 0:39 

178. 379 

-1, 733. 637 

1921.. ... 

24. 089 

99. 495 

148.049 

-693. 185 

1934 

31. 666 

57.182 

-198. 356 

2, 65.3. 604 


^J'able 13. Evaporation distribution coefficierUs from tabic 12 uyith linear trend 

removed 


Year 

Eo 

El 

Ei 

Et 

Yoar 

Eo 

El 

El 

E, 

IIKIS. . 

0.11 

20. 46 

110.1 

603 

1922 .. 

-.3. 91 

-:4(5. .86 

311. 1 

575 

1909 

-2. .54 

- 2 : 4.13 

5 

1,404 

1923 

-2. 35 

-3. 73 

- . 3 : 49.7 

-746 

1910 

5. 06 

1.5. 78 

251. 1 

- 1.090 

1924 

-4. 94 

-12. 05 

J1.3. 6 

5.5.5 

1911 

6.12 

6. 38 

172.3 

-:491 

1925 

.(54 

- 5. (57 

-43. 2 

-1,268 

1913 

.. 5:4 

4. 03 

14.2 

-237 

1926 

1.85 

-11.26 

-47.8 

1, 299 

1914.... 

-. 72 

12.02 

68.3 

-992 

1927 . 

-5.16 

- 1 : 4 . 67 

48. 5 

-79 

1915 

-.3.13 

-(58. 61 

120.4 

- 1 , 0:42 

1928 

-4. 26 

-.58. 4(5 

- 21 : 4. 1 

2, 226 

1916 

-4.09 

-28. 26 

-57. 2 

700 

1929 

-1.18 

11.90 

143.1 

937 

1917.... 

1.74 

66. 20 

-.36. 0 

785 

19,30, 

1..57 

40. 33 

394. 5 

-2. 278 

1918 

-.73 

-3. ,58 

-.302. 0 

36 

1931 

4.:44 

-.5. 87 

-76.3 

1,807 

1919. ... 

6.94 

56.29 

-246.8 

-1,319 

19.32 

-2.02 

21. 10 

36.5. 6 

-.531 

1920 , . 

-3. 90 

-22. 20 

-262. 9 

1,430 

19,33 , 

1. 75 

49. 27 

174.4 

-2, 924 

1921 

1.44 

2 : 4.31 

164. 5 

-846 

1934 . 

6.81 

-33. 72 

-204.0 

],,376 


The sums of products of deviations from linear trend of yield and 
evaporation distribution coefficients are: 


S{yEf)=-- 486.2268 
-3,376.4161 


SiyE'f)-^ 3,251.988 
.S(?//i3) -=41,339.910 


The sums of squares and products of evaporation distribution 
coefficients are shown in table 14. 


Tabi^e of squares and products of evaporation distribution coefficients 


r 

Erd 

Erl 

ErS 

Erl 

it’o», - 

3 : 45 . 8926 

1,478.2213 

2. 153. 183 

-27, 277. r, a 

Eu. . 

1,478.2213 

26,60:4.5280 

01, 226.360 

-530, 147. 71 

Ely 

2,1.56.18:4 

61, 226. 360 

1,041,70.5.66 

-2,974,677.2 

Els 

-27, 277. 65 

-530, 147. 71 

-2,974,677.2 

40, 898, 284. 
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To obtain the residual sinus of squares and products of the 4 evapo- 
ration coefficients witli the association of the rainfall coefficients 
removed, we calculate the regression of the evaporation coefficients on 
the rainfall coefficients. For the regression of the evaporation coeffi- 
cients on the rainfall coefficients we obtained the Ifi regression co- 
efficients in table 10. These are obtained by multiplying the appro- 


Table 15. — Sums of cross products of rainfall distribution coefficients and evapora- 
tion distribution coefficients 



po' 

Pi' 

pa' 

pa' 

177. 2S79 

-L LV,. 0458 

4, 856. 3770 

6, 105. 86 

-1, 027. 3;m2 

-11,1K)7. 4569 

48. 279. 3120 

448, 731.49 

~194.r.02 

-33,971.156 

-484, 275. 46 

2. 402, 066. 00 

- 4, S02. 3S 

86, .331. 47 

-2, 723, 613. 40 

-30,737,685. 00 


Table 16. — Regression of evaporation distribution coefficients on rainfall distribu- 
tion coefficients 


V^iri'ible 

fco 



Kz 


-1. 1707241 
. 02274494 
. (KK)38751 
. (MXK5<K»K4 

-5. 4124242 
-.i;i539392 
• 011.577.52 

1 : (K)757593 

-14.869716 
.31151172 
-. 39636077 
. 05754736 

1 -10.606.536 

6. 7883.564 
-.81034216 
-.31429949 


priate figures in table 15 of cross products times the appropriate rain- 
fall multipliers from table 11 in the manner indicated in ecpiation (8). 
For convenioiH‘e, the regression coefficient of Eg on p/ is designated 
by Pru. The 10 regression coefficients of table 10 are used in tlie 
following equations to obtain the residual sums of squares and prod- 
ucts of the 4 evaporation coefficients with the association of the rain- 
fall coefficients removed: 

S' ( ... ,S( K2) - E,} - ^uSWE.) - fi,„S(p-/ IQ - (i,.Sip,' 7i\) 

8' ( Er E,) - S( ErE,) - Er) - ^uSiPl'Er) - Er) ~ fi.Mp-/ Er) 

where /?'(/?/) is a residual sum of s(piares and S'(ErEg) is a residual 
sum of products. Such residual sums of squares ami products are 
shown in table 17. 


Table 17. — Residual sums of squares and cross products of evaporation distribu- 
tion coefficients 



KrU 

Erl 

ErZ 

KrZ 

iiOi 

149. 0827 
259. 79.54 
1,4.5.5.047 
-15,462.62 

259. 7951 
15, 472. 4218 
42, 982. 43 
-280,052.25 

1,45.5.047 
42,982. 43 
719, 215. 99 
-2, 38)1. 593. 6 

-1.5,462.62 
-280, 0,52. 25 
-2, 38.3. 593. 6 
28, 393, 40.5 

Ku 

KiM 

Ez, . - 



The partial regression coefficients of yield residuals on evaporation 
residuals could be found by using this table directly; iKjwever, the 

211218 — 40 2 
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table of multipliers or C values are calculated as before and are shown 
in table 18. 


Table 18. — Values of Cr» (evaporation) from the sums of squares and products in 

table Ui 



<::vo 

Ct\ 

Cr2 

C,i 

Coi 

0. 

-0. 

0. 0" 107909 

0. 0*33084039 

Cu . . 


. ()<H:i9H«()(}3 

-.0S31 320788 

. 0«53246914 

(h, . . 

. ()«1()79()9 

0*31320788 

. 0S204380.')0 

.0« 14074 128 

Vu 

0»33()84()39 

. 0«53240914 

. 0"1 40741 28 

. 0^')4088115 


The yield residuals are obtaiued by adjusting the sums of products 
of yield and evaporation by the product of the resjression of evaf)()ra- 
tioii on rainfall arid the sums of products of yield on rainfall. These 
calculations are as follows: 

~ 486.2268 - 31 0.0348( 1 . 1 707241 ) - 1 ,655.3 1 87(0.02274494) ( 23, 1 2 1 .527) 
(0.00038751) - (-81,791.34) (0.00059684) - -103.1356 

-3,376.4161 -310.0348(-5.4124242)-1,655.3187(- 0.1 3539392) -(- 23,121.527) 
(0.01 1 57752) ( 81 ,791 .34) (0.0075759:1) - - 586.0207 

3, 251.988-310.0:i48(- 14.859716) 1,655.3187(0.31151172) ( 23,121.527) 

( -0.39636077) - ( - 81 ,791 .34) (0.05754736) -- 2,885.7754 

41,339.91 -310.0348(- 10.605535) -1,655.3187(6.788:1564) -(-23, 121. 527) 

( -0.810:14246) - (-81,791.34) (-0.31429949) - 1 1,052.24 

The partial regression coefficients of the yield residuals on the 
evaporation residuals are then obtained by the same motliod as 
outlined previously and are as follows: 

- 103.1356(0.0071553109) + ( -586.9207) (~0.0m56141) +2,885.7754 

(0.0«1 07969) f (- 1 1,052.24) (0.0'i33084039) - -0.73867623 

- 103.1356(-0.0a)056141) + (- 586.9207) (0.0^8:198666:1) 4 2,885.7754 

( 0.0\‘li;i20788) I (11,052.24) (0.0«532469 1 4) * -0.05797093 

1 03. 1 :i56(0.0« 1 07969) 4 ( 586.9207) ( - 0.0>31320788) -f 2,885.7754 

(0.0«204:i8050) f ( - 1 1,052.24) (0.0« 1 4074 1 28) 0.006 1 6959 

-103.i:i56 (0.(y>:i3084039) + ( 586.9207) (0.0«5:i2469ll) 1 2,885.7754 
(0.0«1 4074 128) 4 ( 1 1,052.24) (0.07540881 15) 0.00084537 

These partial regression coefficients are used in equation (fi) and the 
course of the regression function for the effect of evaporation through- 
out the season is obtained as it appears in figure 3. 


Table 19.’ — Analysis of variance of yield of spring wheat 


S<)urc(' 

DeRreoR of 
freodoni 

Sums of s(|uan‘s 

Mean 

s(iuare 

F 

Rainfall reRrossion fonnula 

4 

893. 7461 

223. 436 

15.30 

Rpsldual ovaporatioo roRrossion formula 

Deviations from roRressIon formulas 

4 

16 

137. 3554 
233.5717 

34. 339 
14. 598 

2. 35 


Total - 

24 

1, 264. 6732 







Table 1 9 shows the amount of annual variance in yields accounted 
for by the rainfall and by the evaporation regression formulas. The 
mean square due to the rainfall regression fonnula when compared 
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will) the mean square (Ine to deviations from the regression formulas 
is hi^lily siji:nilieant. 

Jn a similar comparison for the residual evaporatioji regression 
formula, an F ratio of 2.35 is obtained. Although this value is less 



Fkjuke 3. ^Average effect of an additional inch of evaporatiorj (infiiience of 
associated rainfall being eliminated) on yield of spring wheat from continuously 
cropped plots at Dickinson, N. Dak. 

than the ratio of 3.01 at the usual .^-percent level of significance, it 
indicates that the effect of additional evaporation as shown in figure 
3 may be real. Further support is contained in an unpublished study 
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of (lata from additional dry-land experinn'iit stations in which the 
residual evaporation regression formula was found to be significant. 
It is therefore not probable that the effects of evaporation occur 
entirely by cliance. 

The partial regression coefficients of the various terms in the two 
regression formulas are shown in table 20 along with the probability 


Table 20. — Values and tests of significance of regression coefficients 


Donroo 

llahifall rogr(‘ssion formula 

Evaporatiou ri>Krt'Ssioii formula 

K(‘Krcssion ewffi- 
cionts 

Probability 

HoRrossioii coofll- 
eients 

Probability 

0 ^ ... 

2. I<)723.')(i9 

P<(). 001 

-0. 73807023 

0. 03<P<0. 05 

1 . . 

-.04ir)7HJ3 

0.2 <P< .3 

-. 05797093 

.1 <P< .2 

2 

(K)r»571(K) 

.05<:/»< .1 

. 00010»)57 

. 2 <P< . 3 

3- - - i 

-.00158232 

.0I<P< .02 

-.00084537 

.3 <P< .4 


of these occurring by (diance. It should be noted that the partial 
regression of yield on the total evaporation for the season represented 
by the zero term of the formula is significant. 

The coefficients of multiple (correlation between yield and rainfall 
and between yield and rainfall and evaj)oration are repres(mted by the 
values of R ecpials 0.82 and 0.90 respectively./ 

DISCUSSION 

The results for plot 5 of continuous corn grown at Wooster show 
clearly that although the total rainfall for the season is not signifi- 
cantly correlated with yield, the distribution of the seasonal rainfall 
is correlated with yield. In terms of the polynomials fitted to sea- 
sonal rainfall, it is the linear component that is significantly corndated 
with yield. This is evident from the general ujiward slojie of the 
curve which indicates that for com the effect on yudd of an additional 
iiudi of rain increases with time over the period studied. In general, 
those familiar with the crop would expect this, although, so far as 
the writers are aware, no quantitative expression has heretofore been 
ptoduced. As the crop progresses and the plants become larger with 
increased surfa(ce for transpiration, one would expect a favorable 
response to increased quantities of rainfall. Conversely, as may be 
interpreted from the function, in the period from planting to near 
maturity, the later in the season a deficit in rainfall occurs, the greater 
the detrimental effect. Frequently, adverse conditions early in the 
life of the corn plant are overcome as the season progresses. The 
fact, that, for the first one-third of the period covered, the curve 
extends below the zero line indicates that the mean rainfall at Wooster 
for tliis part of the season is greater than the optimum for corn. 

Importance cannot be attached to fluctuations of the function a 
about its linear trend upward because, as pointed out in the analysis 
of the contributions of the several terms to total variation acc()unted 
for by the regression formula, none of the other terms has a significant 
partial regression (coefficient. Bearing in mind the unimportance of 
the other terms of the regression formula, there exist, however, 
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agronomic facts of common knowledge that suggests the meaning of 
some of these fluctuations. During the early part of the life of the 
corn plant its requirement for moisture is limited to an amount sufli- 
cient for germination and the small degree of growth tliat takes place. 
This amount of moisture is seldom lacking at Wooster at this time. 
Furthermore, weeds must be kept from the (*orn, and to make this 
possible, the soil must be dry enough for cultivation. Any increased 
amount of rain hinders this. Wet weather is also conducive to weed 
growth. The amount of nitrogen available to the plant is thought to 
be enhanced by a warm aerated soil, a condition that cannot exist 
with large amounts of rainfall. Additional rainfall at tliis time may 
hinder root growth — not only the total amount of growth but also 
the character of it. If the weather is somewhat dry at tliis time, the 
roots will penetrate deeper into the soil and thus produce a condition 
that will better enable the plant to withstand dry weather later. 
These facts seem to lend support to tlie downward fluctuations of the 
cui-ve immediately following the time of planting. 

Once the [ilant is well started, with many of its strii(*tural parts laid 
down and freed from the competition of weeds, it rapidly elongates 
and responds to increasing amounts of rainfall, as is evidenced by the 
rapid rise in the curve. The peak of the (‘urve is reached in about SO 
(lays from the beginning of the season and occurs slightly earlier in 
relation to the average date of silking than might be expected. A 
great deal has been written concerning a critical period for crops at 
the time of pollination. Although the peak of the curve is not 
centered on this period, increased rainfall immediately preceding 
silking has a, very beneficial effect and can be considered as placing 
the plant in a favorable condition for entering the reproductive stage. 
The i)osition of the peak is determined somewhat by the character of 
the curve fitted, and the exact point where the effec.t of an additional 
inch of rainfall fails to exceed the effect in the period immediately 
preceding remains indcterininate. It should be emphasized that the 
tails of the curve, and even the points on the curve a slight distance 
from the tails, are regulated by the nature of the curve fitted and 
relatively little iinijortance should be attached to the extremities of 
the curve. 

The i’esults of the study of the spring wlu'.at crop gi-own in a more 
or less arid climate are in sharp contrast to those with corn grown in 
a humid (Jimate. There is a high correlation between the total sea- 
sonal rainfall and yields of spring wheat, whereas in the case of corn 
the total seasonal rainfall has little association with yields. The 
average rate of increase or decrease in rainfall from the beginning to 
the end of the season is not significantly correlated with s^pring wheat 
yields, yet in the case of corn the results show that over the period 
studied tlie yields are higher if the rainfall increases at a constant rate 
during the season. Another contrast is that the parabolic and cubic 
terms in the rainfall sequence are important in the case of wheat but 
relatively unimportant in the case of corn. It is recognized that had 
the season been extended for com the effect of additional rain would 
have diminished toward the time of harvest. Furthermore, the con- 
tinuous corn series used may reflect a greater benefit from additional 
rainfall toward the end of the season than would corn on rotated 



22 


Vol. «(), No. 1 


Journal of Agricultural Research 


land. Nevertheless, it appears that for wheat the effect of additional 
rain rapidly diminishes from the time of heading. This appears to 
be an inherent biological characteristic of wheat. 

The rainfall curve displayed in figure 2 would indicate that addi- 
tional rainfall a t any time during the growing season causes an increase 
in yield. The greatest beneficial effect is from rain that conies during 
the rapid growing period of the plant, reaching a nuixiinum about 3 
weeks before average heading date. At this time of thc^ season each 
additional inch increases the yield about 4 bushels per acre. 

The fact that these results indicate a i-ather definite period when 
additional rainfall has a much greater effect on yield than during the 
rest of the season, whereas Hopkins^ results showed less evidence of 
this, needs consideration. Hopkins (/>) recognized, howevcT, that- his 
results are not necessarily incompatible uitli the existence of a rela- 
tively critical period of growth by pointing out that any such piuiod 
may be overshadowed by conditions of the soil and tlie amount of 
moisture present at the begirming of the season. 

The problem of what- degree jiolynomial to use* in n^jiresenting 
sequences of weather when studying spring wheat deserves (‘omment 
at this point. As previously mentioned, the fourth and fifth terms 
in a polynomial fitted to s(‘.asonal rainfall at Dickinson were not sig- 
nificantly correlated with spring wheat yields. It would appear from 
the work of Hopkins (5) that in c.ase of his Marquis series and rainfall, 
anything inclusive of the parabolic term w^ould be adequate. The 
same is true for his stubble series, and here it is even highly qucistion- 
able whether anything more than the total rainfall is correlated with 
yield. It appears, therefore, from this and the preceding i>aragraphs, 
that the quantity a, representing the average benefit to the spring 
wheat crop in bushels per acre per incii of rain falling in the time 
element considered, is a slowiy changing function that can be easily 
represented by polj^nomials of the third degree or j)ossibly lower. 

It is concluded that, while yield appears significantly related to the 
total seasonal evaporation, tlie effect of the seasonal distribution of 
evaporation is not conclusively shown. How^ever, the results are not 
unreasonable. Figure 3, showing the effect of the amount and distribu- 
tion of evaporation on spring wheat yields, when associated rainfall 
effects are eliminated, indicates that above-average evaporation is 
detrimental to the crop over most of the growing season. Early in 
the season high evaporation, partly a result of above-average tem- 
peratures, would be favorable for obtaining a good stand of wheat. 
Later in the season, after the heading, increased evaporation may 
hasten ripening and cause a lowering of yield. 
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DEVELOPMENT OF THE STAMINATE AND PISTILLATE 
INFLORESCENCES OF SWEET CORN ' 

By O. T. Bonn Err 

Assisinnf chief in plant genetics^ Illinois AgricuUnral Experiment Station 

INTRODUCTION 

Studies of the inorpholog>" of the corn plant have led, according to 
Weatherwa-x (i7),^ to clearer and simpler explanations of the results 
of certain experiments with corn. It should be expected that further 
studies of the developmental morphology might prove to be equally 
helpful. Variations from the normal sequence of development which 
lead to abnormalities of the tassel and ear and variations in such 
characters as length of ear, numl)er of rows of kernels on the ear, 
irregidarities in the straightness of the rows of kernels, and correlation 
in the development of the oars of multiple-eared types, to mention a 
few examples, can be better understood by studying the developmental 
morphology. By means of fre(juent oV)servations during the develop- 
ment of the growing points it is possible to see whether the variations 
observed in the nuiture plant are the result of variation in the pattern 
of differentiation and development or are the result of growth responses 
to changes in the environment. 

While excellent descriptions of the morphological development of 
(‘-ertain of the parts of the inflorescences have been written, some of 
which will be cited later, few workers have attempted to describe and 
illustrate all of the steps in tlie ontogeny of the staminate (tassel) and 
pistillate (ear) inflorescences. In this paper the major steps in the 
development of the tassel and ear from the imdifl'erentiated growing 
points of the shoots to the fully differentiated flowers and flower parts 
are described and illustrated with photomicrographs. 

LITERATURE REVIEW 

Only a few of the publications dealing with the morphology of the 
corn jdant will be reviewed. Most of the authors cited have made 
extensive reviews of the literature. In this connection special atten- 
tion is called tn the publications of Weatherwax (75), Miller (6’), 
Randolph { 11 ), and Arber (7). 

The general morphology of the tassel and ear of the corn plant has 
been described by Collins (5), Weatherwax (75, 16 , 18 ), and Arber (7). 
A clear understanding of the development of tlie pistillate spikelet.is 
given by Miller ( 8 ), and Randolph (77) has described and illustrated 
the development of the pistillate spikelet and the caryopsis. Schuster 
( 12 ) has described and illustrated some of the early stages of spikelet 
development. 

Noguchi ( 9 ) is the only one of those cited who has described some 
of the beginning stages in the development of the ear and tassel, and 
he has illustrated a few of these stages with drawings. 

» Received for publication May 22, 1939. 

» Italic numbers in parentheses refer to Literature Cited, p. 30. 
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Descriptions of many-flowered spikelets, seeds in the tassel, and 
other variations from normal development in the inflorescences have 
been published by Kempton {6)j Stratton {lS)j and Weathcrwax {18). 

MATERIALS AND METHODS 

First-generation hybrids, Golden Cross Bantam (Purdue Bantam 
39 X Purdue 51) and a Country Gentleman hybrid (Illinois 8 X 
Illinois 6) were used in these studies. Sweet corn {Zea mays var. 
rugosa Bonafous) was used because it could be easily grown in the 
greenhouse and, with an early-maturing type like Golden Cross Ban- 
tam, it was possible to get the various stages of development in a rela- 
tively short time. Another reason for using hybrids was that then' 
would probably be less variation in develoi)ment among individual 
plants whicli would make it easier to follow the developmental 
sequences. 

In a study of the devel()])mental morpliology of the (^aryopsis, Ran- 
dolph (11) found no significant difrereiices anioiig dent, flint, and 
sweet corn. Likewise, no essential diflerences were noted in the mor- 
phological characteristics of the inflorescences of dent and sweet corn. 
Therefore, it seems reasonable to expect that whatever is found out 
regarding the ontogeny of the inflorescences of sweet corn would also 
apply to dent corn. 

The corn ])lants were grown in the greenhouse, without artificial 
lights, in glazed 2-gallon gars, fillo<l with a mixture of sand, soil, and 
well-rotted stable manure. 

Growing points at successively later stages of development were 
removed from the plants and photomicrographs were taken. The 
photographic set-up was essentially the same as one already described 
(2), Photomicrographs were taken with an upright camera and 
special microlenses having focal distances of 10, 24, 32, and 48 mm. 
Light for photographing was obtained from a microscope lamp fitted 
with a 2()0-watt bulb. A Florence flask filled with distilled water was 
used as a condenser. 

In order to bring out the morphological details in some of the 
specimens, a stain composed of a mixture of 90-percent alcohol, a 
small amount of glycerin, and basic fuchsin was applied. The 
alcohol quickly evaporated, leaving the stain and glycerin in the folds 
of the various structures wliich made them more easily seen. 

DEVELOPMENT OF THE INFLORESCENCES 

Usually when the plants had 8 to 10 leaves, the ear shoot and tassel 
had begun to form (f^. 1). However, the number of leaves that a 
plant has is not a reliable guide to the stage of development of the 
inflorescence. Plants with the same number of leaves may differ to 
a considerable extent in the degree of development of the growing 
points owing to differences in growing conditions, differences in variety, 
and other factors. 

Tassel and shoot development in a plant that was at the same stage 
of development as those shown in figure 1 is illustrated in plate 1, A, 
The tassel has formed, the axillary shoots from wluch the ears will 
develop (pi. 1, A^ sh^ and B, sh) can be seen on the upper part of the 
stem, and the ba^al internodes of the stem have begui) to elongate 
(pi. 1, Ay Xy and B, x). 
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Steins of Golden Cross Bantam sweet corn with leaves removed to show the 
tassel, shoots, nodes, and internodes. A is an earlier stage than B; x, Inter- 
modes; sht axillary shoot. X 5. 
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TASSEL AND STAMINATE SPIKELET DEVELOPMENT 

The shoot of the corn plant, like that of other cereals {2, S, 4 ) and 
grasses {20), passes through two stages in its development from ger- 
mination to the dehiscence of the anthers. During the first stage, 
leaf fundaments, leaves, and axillary shoots are produced and the 
internodes of the stem remain short. During the second stage the 
internodes of the stem elongate, the tassel and its parts differentiate 
and develop, and the axillary shoot or shoots (ear or sucker) pass 
through their various stages of development. 

Two growing points (pi. 2, A and B) represent the appearance of 
the shoot in th(^ first, stage of development. The growing point 
(pi. 2, A, gp) is ])artly enclosed by two leaf initials. At this stage of 
development t he growing ])oint. is inu(*h smaller in relation to the 
diameter of the stem than the growing ])oint of (uther wheat , oats, or 
barley at, a similar stage of development. 

Two processes, which occur simultaneously, indi(‘at,e the beginning 
of (he second stage of d(‘velo])menl,. (1), The internodes of the stem 
begin to elongate (pi. 1, A, ./*, and B, j'), and (2) the growing point, 
elongates in pj’eparation for the difrerentiatioii of the tassel and its parts. 
During the second stage the grow th activities are internode elongation 
and the differentiation of the tassel and its parts. Tassel development 
is completed when the anthers dehisce. 

Branch primordia are tlic first of the tassel parts to differentiate 
(j)l. 2, C, 6, and 1)\ b). They arise in acropetal succession as lateral 
projections from all sides of tlie elongated central axis. Some of tlic 
l)ranch initials at the base of the central axis elongate and become 
the lateral axes of the tassel (pi. 2, E, hi). The other initials arising 
from a point higher on the central axis are the initials from which the 
spikelet initials originate (pi. 2, C, b; T), h; E, h; F, si and G, si), 

Tt should be noted that, in the early stages of development of the 
tassel, so far as external appearances indicate, there are no differences 
between those initials that become the lateral branches of the first 
order and those from which the spikelet initials differentiate. There- 
fore all of the first initials to appear are branch initials. 


Expl.\natory Leuknd fou Plate 2 

A. — Growing point of a corn plant having four Icavop vipiblc. X 22. 

B. — Beginning of the elongation of the growing point just Ix^fore tassel differ- 
ontiation. X 22. 

C and D . — Differentiation of the liranches of the tassel X 22. 

E, — Elongation of the basal branches of the tassel. X 22. 

F, — Beginning of the differentiation of the spikelet initials on the central axis 
of the tassel. X 22. 

G, — A stage similar to F with some of the basal branches removed to show 
spikelet differentiation on the central axis. X 22. 

//. — Differentiation of spikelets and empty glumes on a portion of the central 
axis of the tassel. X 35. 

/. — Portion of the tip of the central axis of the tassel. X 25. 

J, — Adaxial side of a branch of the tassel. X 22. 

K, — Abaxial side of tassel branches of the first and second orders. X 25. 

L. — A more advanced stage of tassel development. X 22. 

M. — Fully differentiated but not full-sized tassel. X 8. 

h. Branch initial from which spikelets differentiate; basal branch of the first 
order; & 2 » branch of the second order; e, empty glumes; gp, growing point; gp\ 
growing point of the spikelet; I, leaf initial; si, spikelet initial; f, undifferentiated 
tip of an axis. 
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Figure 1. — Plants of Golden Cross Bantam sweet corn at the same stage )f 
development as the dissected plants shown in plate 1, A and B. 

As has been described for oats (^), branches of the second onier 
may rise by budding from the base, and at the lateral margins, of IJ e 
branches of the first order (pL 2, E, 6^, and K, bs). As has alreac ^ 
been stated for the central axis, those initials of the lateral axes abo> ? 
the most basal ones are the primordia from which the spikelet initials 
differentiate. 

In studies made on barley, wheat, and oats (;?, S, 4) there was always 
an indication of leaf fundaments on the central axis in the axils < ^ 
which the lateral shoots of the inflorescence were formed. There 
however, no indication of leaf fundaments subtending the initiait. 
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of tlie lateral shoots of the tassel, hut, as will be pointed out later, 
there are structures apparently homologous with leaf initials, sub- 
ending the lateral shoots of the ear (pi. 4, (\ /). 

All the branches of the tassel are indeterminate. Neither the cen- 
tral axis (pi. 2, /, /) nor the lateral axes (pi. 2, J, t, and K, t) of the 
tassel terminate in apical spikelets. Primordia from which the spike- 
let initials differentiate are i)roduced acropctally as long as the axes 
increase in length. 

In the beginning of spikelet development the branch initial divides 
into two unecjual parts, the spikelet initials (pi. 2, Fj si; si; and 
11 j si). The spikelet that develops from the larger spikelet initial is 
pediceled (pi. 3, /i’, s') and the spikelet from the smaller spikelet initial 
IS sessile (pi. 3, K, s). The larger initial is always in advance of the 
smaller in its development. This is shown by the beginning of 
development of the empty glume on the larger initial in plate 2, 
//, e, and the lack of such development in the smaller initial and by 
the beginning of anther differentiation in the larger spikelet in 
plate 3, Cj s', and the lack of anthers in the smaller spikelet plate 3, s. 

Several of the early stages of development of the spikelets can be 
seen in plate 2, 11, which shows a. grou]) of spikelets from the central 
axis of the tassel. The stages of development beginning at the top 
of the photograph range from an undifferentiated lateral siioot initial, 
througii the various stages of division into spikelet initials, to the 
beginning of development of the empty glumes. The empty glumes 
are the ff rst of the spikelet parts to form and are first seen as trans- 
verse ridges across the spikelet initial (pi. 2, 11, e). They grow in 
length and finally enclose the flowers (pi. 3, /). 

Spikelet initials develop from all sides of the central axis of the 
tassel ([)!. 2, G) but ordy on the abaxial side of the lateral branches. 
The abaxial side of branches of the first and second order are shown 
in plate 2, K, bi, 62, « tk 1 the adaxial side of a branch is shown in 
plate 2, J. Two rows of lateral shoot primordia. develop and they 
divide into two pairs of spikelet initials. 

At any stage of develo])inent the central axis of the tassel is in 
advance of the branches (pi. 2, F, L, and A/). This is what should 
be expected since the central axis is fornuHl first and the branches 


ExpLANAToitv Lecend eok Plate 3 

A. — I'wo spikelets of the tassel at the beginning of the (levelopriKnit of tlu? 
flower parts of the up})er flowers and the more advanced stage of development of 
the spikelet at the left. X 56. 

li . — Two flowers of a spikelet of the tassel showing the more advanced stage of 
development of the upper flower. X 56. 

C. — Part of a branch of the tassel showing a more advanced stage of develop- 
ment of the pedicled spikelet. X 40. 

D. — Staminate spikelet with the empty glumes removed to show the difference 
in the size of the anthers of the upper and lower flower. X 20. 

E. — IVo pairs of spikelets, one member of each pair is pediceled and the 
other sessile, the empty glumes have been removed from one .spikelet. X 25. 

F. — Staminate flower with one anther removed to show the partly developed 
pistil. X 20. 

G. — Later stage of spikelet development in which the anthers of the lower flower 
are approaching the size of those of the upper flower. .X 10. 

//. — Pair of spikelets both sessile. X 28. 

I. — Fully differentiated spikelet. X 10. 

an, Anther; j?, flower initial; yZ/, upper flower; /f, lower flower; g, palea; p, pistil; 
«, sessile spikelet; pediceled spikelet. 
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differentiate from it. The branches increase considerably in size 
before the niitials from which the spikelets differentiate are prodiiced. 

In each staminate spikelet two flowers develop from the meristem 
located above the empty glume initials (pi. 2, //, ///Z). The meristem 
divides into two unequal parts. The larger part gives rise to the 
upper flower (pi. 3, A, fli, and jB, fli) and the smaller part develops 
into the lower flower (pi. 3, Zl, fl 2 , and fl^. These flowers differ 
in their rates of development. The anthers of the upper flower (pi. 
3, A^ fli Dy fli ; and Gy fix) differentiate first and hi their develop- 
ment are always ahead of the corresponding parts of the lower flower 
(pi. 3, Ay fl2] By fl2'y T)y fl2] and Gy fl2). As the flowers approach ma- 
turity the anthers of the lower flower attain nearly the same size as 
the anthers of the upper flower (pi. 3, Gy Jliy and flo). 

Anther initials are the first of the flower parts to differentiate 
(pi. 3, A, arty and By an). Since the tassel flowers are staminate, 
anther differentiation and development arc the principal growth 
activities within the flower. 

Pistils may develop from the meristem located above the anther 
initials (pi. 3, Ay p) but they usually remain rudimentary (pi. 3, 
By p). Under certain conditions of growth the pistil may sliow con- 
siderable development (pi. 3, F, j)) and may become fully developed 
and functional (pi. 7, Ey p). 

Flowering glumes develop for each flower, but they are so thin 
(pi. Sy Gy g) that they are difficult to distinguish at the beginning of 
their development. The lemma and palea begin their development as 
thin ridges at a point on the meristem just below the anther initials 
(pi. 3, By g) at about the same time that the anther iiiitials begin to 
differentiate. 

Deviations from the normal development under field conditions are 
often seen in plants grown in the greerdiouse. Nonnally one spikelet 
is sessile arid the other pediceled (pi. 3, /?), but both spikelets may 

sessile (pi. 3, //). Another type of deviation which will be de- 
scribed later is the development of functional i)istils in the tassel. 


KxrLANATOiiy LiiciENi) roil Pla'ik 4 

A. Axillary shoot in which the oar devolops^ enclosed in the iirophyllnni. 
X 13. 

Ji. — Hide view of an axillary shoot. X 17. 

C. — Beginning of the differentiation of the ear. X 25. 

D. — Ear development showing a more advanced stage of branch differentia- 
tion. X 25. 

E. — Beginning of spikelet differentiation by an uneipial division of the branch 
initials. X 22. 

F. — Development of the empty glumes. X 22. 

G. — Paired rows of the ear and a more advanced stage of the development of 
the empty glumes. X 17. 

H. — The differentiation and development of the silks can be seen at the base 
of the ear. X 17. 

/, Jy and K. — Topmost, second, and third ears, respectively. All X 22. 

L . — Young ear of Country Gentleman sweet corn. X 17. 

by Branch initial from which spikelet initials differentiates; e, empty glumes; 
ly leaf fundament; pr, prophyllum; et, spikelet initial; s, silk initial; ty undiffer- 
entiated tip of the ear. 
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EAR AND PISTILLATE SPIKELET DEVELOPMENT 

In the early stage of stein development a shoot is produced in the 
axil of each leaf (pi. 1, ^1, sh^ and /?, sh)^ but at a later stage of develop- 
ment axillar>^ shoots are no longer produced. The cessation of axil- 
lary shoot development seems to be associated with the elongation 
of the internodes of the stem and the development of the tassel. 
This is in agieement with observations made by Percival (10) on the 
cessation of axillary shoot (tiller) development in wheat and the same 
thing has been observed regarding axillary shoot development in 
barley.*^ 

Ears develop from the upper one or more axillary shoots of the stem. 
Those shoots formed at the base of the stem may remain nonfunc- 
tional or develop into suckers. If an examination is made at the 
time the topmost shoots are producing ear initials, it will be found 
that the growing points of the basal shoots are producing only leaf 
fundanients; but they are more and more advanced in development 
from the base t o the top of the stem. 

Axillary shoots develop in acropetal succession and during the 
early stage of stem development the axillary shoots became larger 
in succession from the apex to the base of the stem (pi. 1, A). Later 
when the ears begin to develop, the size sequence changes, so that the 
topmost shoot is the largest and the shoots become smaller from the 
top to the base of the jilant (])1. 1, B), The topmost shoot or the top- 
most two or three shoots, depending upon whether they are single- 
or multi pi Cz-eared types, in turn take jirecedence in their development 
or they may inhibit the develojmient of the shoot immediately below. 
This (lifference in development is shown by the size of the ear initials 
in plate 4, /, J, and Ky which are the ear initials from the topmost, 
second, and third slioots, respectively. 

■> MoNNKTT, O. T. TlU.K»tIN(i IN HAItLKY AS INFLUKNCKI> HY ( KHTAIN IM.ANT CHAKACTKIIISTICH. LKW. 
( Abslmct. of iloclor’s iJiesis, Cniv. 111.) 


l^]\P]i AN ATOKV liKAiJONl) FOR PlzATE 5 

.1. Pair of |>i.stillalo Fpikolets at an oarly stagii of (Invc^Iopiiient. X 40. 

H. of tlic difforoiitiation of antliors in llio iipixT flowcvr of a pair of 

splknlots. X 40. 

C. Diffnrontiation of a silk, tiio first stage; <»f pistil (lov(*lopniont. X 40. 

I). Silk (l(»v(*lopniont. X 40. 

K. - Silks partly enclosing the ovules. X 40. 

F . — Silk development from theadaxial side. X 40. 

f/. Spikedet showing the comi)arativc development of the upper and lower 
flowtws. X 40. 

11 . — Functional upper flower and a sterile lower flower of the spikelet are 
illustrated. X 40. 

/.-—Pair of spikelets of Country Gentleman at an early stage of development. 
X 40. 

J. — Spikelet of County Gentleman comparing the development of the func- 
tional upper and lower flow^ers. X 40. 

K. — Silk development of the functional flower of a spikelet having only one 
functional flower. X 28. 

L. — Comparison of the silk development of the lower and upper flowers of a 
spikelet having two functional flowers. X 28. 

M. — A more advanced stage in the development of spikelets having two func- 
tional flowers. X 10. 

an, Anther initial; e, empty glumes; flu upper flower; lower flower; ov, 
ovule; Pf pistil initial; s, silk initial; sc, stylar canal. 
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The axillary shoot is enclosed in a strongly keeled prophylliiin 
(pi. 4, Af pry and By pr) which may be entire or divided. Leaf initials 
that develop into the husks are covered by the prophyllum. 

Ear differentiation is indicated by an elongation of the growing 
point of the axillary shoot and the differentiation of lateral projections 
from the central axis of the ear initial (pi. 4, Cy and Z>). The lateral 
projections are the initials from which the spikelet initials differentiate 
and correspond to the initials that first appear on the central axis 
and branches of the tassel. Subtending each initial, as has already 
been mentioned, are ridges (pi. 4, Cy 1) which are similar to the sub- 
tending leaf initials that appear in the differentiation of the inflo- 
rescences of barley, oats, and wheat. These ridges increase in size and 
form the cuplike depressions in which the spikolets occur (pi. fl. By x), 

Spikelet initials are produced in pairs by the division of the preced- 
ing initial into two unequal parts (pi. 4, JE', si). While the parts of 
the larger of the pair of spikelet initials begin to differentiate before 
those of the smaller spikelet initial, the difference in their develop- 
ment is not so great as was pointed out for the spikelet initials of the 
tassel. 

The empty glumes arc the first of the spikelet parts to form and 
can be seen as transverse ridges across the spikelet initial (pis. 4, Fy e, 
and 5, Ay e). More advanced stages of development of the glumes 
are shown in plate 4, Gy e. As the empty glumes increase in length, 
they enclose the ovary, but the silk extends beyond them (pi. 5, Ky e). 

Straightness of row and the number of rows of kernels per ear are char- 
acteristics of the ear that are determined when the spikelets differen- 
tiate. Variations in the straightness of row can be seen in plate 4, Ey Fy 
Gy and H. The rotation to the left or right (pi. 4, E and F) and the 
regularity or irregularity in the placement of the spikelets (pi. 4, G 
and H) can be seen . Row number is determined by the number of rows 
of branch initials around the ear initial (pi. 4, Dy b) from which a pair 
of spikelets differentiates. Each spikelet has a fertile flowtvr from 
which the kernels are produced. 

The ear as well as the tassel is indeterminate in its growth and con- 
tinues to elongate at the tip (pi. 4, Hy f), but many of the flowers at 
the tip of the ear remain rudimentary (pi. fl, (7, t). Since the spike- 
lets arise in acropetal succession they are successively younger from 
the base to the tip of the ear (pi. 4, U and //). 

Two flower initials are produced in each spikelet, but in most corn 
varieties only one flower is functional. In a few types like Country 
Gentleman sweet com both flowers are functional. 

The two flowers of the ear develop from an unequal division of the 
meristem of the spikelet just as was pointed out for the flowers of the 
tassel. The flower differentiating from the larger mass of meristem 


Explanatory Legend fob Plate 6 

A. — Ear showing different stages of silk development. X 6.5. 

B. — Section of an ear. X 19. 

C. — Variation in silk development. X 6.5. 

1 ). — Pistil from the tassel. X 14. 

E . — Tip of a mature silk with pollen grains germinating on it. X 26, 

F and G . — Pollen grains germinating on the silk. X 38. 

c. Empty gluipes; o, ovary; po, pollen grain; s, silk; iy tip of ear; a;, enlargement 
of ridge subtending the spikelets of the ear. 



Development oJ the Inflorescencen of Sweet Corn 


Plate 6 



For explanatory legend see opposite page. 


< 




Development of the Inflorescences of Sweet Girn 


Plate 7 




Jan. h 1940 


Development of Inflorescences of Sweet Corn 


33 


(the upper flower) takes precedence in its development over the flower 
from the smaller mass of meristcm (the lower flower). The larger 
flowei is the functional flower in those types of corn that have only 
one functional pistillate flower per spikelet. In these types of corn 
having two functional pistillate flowers per spikelet, the larger flower 
is more advanced at every stage in its development than the smaller 
flower. 

Anther initials are the first of the reproductive parts of the flower 
to differentiate (pi. 5, By an). In the pistillate flower the anthers 
begin diflerentiation but usually remain small and nonfumdional. 
Under certain growth conditions and in the genetic type, anther ear, 
the anthers of the pistillate flower may attain full development. 
Anthers well enough developed to show the locules are shown in 
plate 5, Gy aUy and J, an. 

The pistil initial develops from the apex of the growing point which 
is located between the anther initials (pi. 5, By py and 7, p). Develop- 
ment begins with the formation of a ridge, the silk initial, which partly 
eiieJrclos the tip of the growing point (pi. 5, Cy s, and />, s). Tiie 
ovule differentiates from the meristem which is i)artly enclosed by the 
d(vvelo])ing silk initial (pi. 5, (f or, and Ey or). 

Tlie margin of the silk initial grows more rapidly on one side than 
on the other (pi. 5, Ey s). Soon two distinct points api)ear (pi. r)y F 
ai]d G) which c.oiitimie to elongate (pi. 5, G and K) and which finally 
residt in tJie bij)arted tip of the mature silk (pL 6, E), Uneaiial 
growth rates of the margins of the silk initial result in the develo])- 
ment of a. tubelike structure, partly enclosing the ovule (pi. 5, E, ov). 
The opening above the ovule gradually closes and becomes the stylar 
canal (pi. 5, Gy sc; If sc; and Ky sc). 

As the silk elongates it becomes covered with hairs, the structure 
of which has been described by Weatherwax (16*). Hairs are just be- 
ginning to appear as fine points upon the silk in plate 5, if, Sy and L, .v, 
and they are shown, fully developed, with pollen grains germinating 
upon them, in plate 6, E, 7’, and G. 

The ovary is shown in plate 6, />,o, with the silk attached and partly 
enclosed by the flowering glumes. At this stage of pistil develop- 
ment all of the external parts have differentiated but the pistil has 
not attained full size. 

Silks begin to develop first at the base of tlie ear (pi. (>, A), and at 
later stages of ear development a marked contrast in the length of the 
silks at the tip and the base of the ear can be seen (pi. 0, 6^). 


Explanatouv Lkcend for Plate 7 

A. — A Ktairiiiiatc (left) and pistillate (right) spikelet from the tasstd. X20. 

B. — Silk development in a pistillate spikelet from the tassel. X28. 

C. — Glumes removed from the pistillate spikelet to show the abortive lower 
flower. X20. 

D. — Staininate and pistillate spikelets of the tassel. X 1*^- 

— A fully differentiated staininate and a pistillate spikelet of the tassel, the 
pistillate spikelet being sessile and the staminate spikelet pediccled. XIO. 

F . — A tassel showing silks from pistillate spikelets at the base of the tassel. 
XIO. 

fl h Upper flower; 2 » lower flower; p, pistil; s, silk; x, upper flower of the stami- 
nate spikelet. 
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An enlargement of a section of the ear at the same stage of develop- 
ment as the ear in plate 6, A, is shown in plate 6, B. The attach- 
ment of the spikelets, variation in the length of the silks, and the size 
of the stylar canal can all be seen in plate 6, B, 

Very soon after pollen grains lodge upon the silk they germinate 
and the pollen tube grows down the hair into the silk (pL 6, F and G), 
This process has been described by Miller {8) and Randolph (9), 

DEVIATIONS FROM NORMAL FLOWER DEVELOPMENT 

Two deviations from normal flower development will be illustrated 
and described. The first is the development of two fertile flowers in 
a pistillate spikelet and the second is the development of pistillate 
spikelets in the tassel. Illustrations for the first deviation were taken 
from Country Gentleman sweet corn and are shown in plate 5, .f, J, 
Lf and M. Illustrations for the second deviation were taken from 
Golden Cross Bantam and are shown in plate 7. 

It will be recalled that in those types of corn that liavc only one 
fertile flower per spikelet, the sterile flower begins but does not com- 
plete its development. Th(i sterile flower develops from the smaller 
of the two divisions of the growing point of the spikelet initial. 
Anther initials and the pistil initial of the sterile flower differentiate 
(pi. 5, fl 2) but do not complete their development (pi. 5, //, fl 2). 
The pistil of the fertile flower develops as has been described, but the 
anthers do not, so that in examining a spikelet of the car of those types 
of corn having one fertile flower per spikelet, all that can be seen after 
the silk has begun to elongate are the empty glumes (pi. f), e) and 
the silk of the fertile flower extendiiig beyond them (pi. 5, K, s). 

When two fertile flowers develop in a pistillate spikelet each flower 
goes through the same sequence of development that has been de- 
scribed, but the rates of development are different. The upper flower 
arising from the larger of the two divisions of the growing point 
develops more rapidly than the lower flower. This was also pointed 
out for the development of the two flowers of the spikelet in the tassel. 

The differences in rates of development of the upper and lower 
flowers can be seen by comparing the development of the upper flower 
in plate 5, /, fli] «/, fix] L, fix] and M, fixy with the development of 
the lower flower designated as ^2 in the photographs just mentioned. 
"While the upper flower develops first, the lower flower gradually 
overtakes the upper flower as the ear approaches maturity, so that 
at pollination, the silks of both flowers are approximately the same 
length. 

Paired grains of corn result when two fertile flowers are produced 
per spikelet. The germ of the upper flower faces the tip of the ear 
and the germ of the lower flower faces the base of the ear, resulting 
in the kernels being placed back to back. With the development of 
two grains per spikelet the kernels may be crowded out of line so 
that there are irregular rows or a lack of rows as shown in Country 
Gentleman sweet corn. 

Development of paired grains, according to Randolph (II), was 
first described in pod corn by Sturtevant (I4), and Kempton (6) was 
the first to interpret correctly the development of paired grains as 
being the result of the development of two fertile flowers per spikelet. 
Weatherwax {18), Stratton {IS), and others have also described the 
development of double kernels. 
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The development of pistillate spikelets in the tassel is an interesting 
deviation from normal development. Kempton {6) has pointed out 
that if there are pistillate flowers in the staminate inflorescence, it is 
the upper flower of the sessile spikelet that is pistillate and both of 
the flowers of the pediceled spikelet are staminate. 

Spikelet differentiation and the first stages in the development of 
the flowers arc the same in both the staminate and the pistillate 
spikelets of the tassel. The essential difference lies in the degree of 
development of the anthers and pistils. In the pistillate flowers both 
the anthers and the pistil differentiate but the jiistil takes precedence 
in development; in the staminate flowers both the anthers and pistil 
differentiate but the anthers develop instead of the pistil. 

In Golden Cross Bantam only one flower, the upper one, of the 
spikelets of the ear is fertile and the same is true of the pistillate 
spikelet produced in the tassel. Consistent with the development of 
the flowers of the ear of this type, the upper flower (pi. 7, A, jix^ and 
C, flf) developed and the lower flower was abortive (pi. 7, -d, 
and C, j^ 2 )- . . 

Pistil differentiation and development were the same as previously 
described for the pistillate flower of the ear. The various stag:es in 
the development of the silk are shown in plate 7, s, to inclu- 
sive, and it can be seen that they are essentially the same as already 
described. 

The develo])ment of the flowers of the staminate spikelet sliows no 
deviation from normal development except that the pistil is a little 
further developed than in the tassels having only staminate spikelets. 
But the example shown in plate 7, A, x, should not, perhaps, be con- 
sidered as typical because even in those plants that did not have pis- 
tillate spikelets, a considerably greater degree of pistil development 
was noted (pi. 3 p, and H, p) than would be expected in plants 
grown in the field. However, this is what should be expected of corn 
plants grown in the greenhouse under certain conditions of temperature 
and light. 

SUMMARY 

The developmental morphology of the tassel, the ear, and their 
parts were studied by dissecting them from the stem of the corn 
plant at the different stages of development. Photomicrographs 
were taken of the various stages. 

From germination to the dehiscence of the anthers, the shoot of 
the corn plant passes through two stages of development. In the 
first stage leaves and axillary shoots are produced, and in the second 
stage the internodes of the stem elongate and tlie tassel, ear, and 
their parts differentiate and develop. 

Tassel differentiation begins with the appearance of lateral projec- 
tions, branch initials, which arise acropetally from the growing point 
of the central axis. The first initials to appear at the base of the 
central axis elongate to produce branches of the first order. Those 
above develop into two spikelet initials. 

Branches of the second order arise as buds from the base and at the 
margins of the branches of the first order. 

Differentiation of the ear also begins with the appearance of lateral 
projections which arise acropetally from the growing point. 
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In both the tassel and ear the spikelet-forming branch initials divide 
into two unequal parts to fonn the spikelot initials and in turn the 
spikelet initials divide into two unequal parts to form the flower 
initials. 

In the tassel the spikelet developing from the larger division of the 
branch initial is pcdiccled and the spikelet from the smaller division 
is sessile. In the ear and tassel the larger initial begins the develop- 
ment of its parts ahead of the smaller initial. 

Differences in the size of the flower initials in the tassel are cor- 
related with a difference in the size and rate of development of the 
anthers. The larger (upper) flower initial is ahead of, and larger 
than, the anthers of the smaller (lower) flower initials, but as the 
flowers approach maturity the anthers of the lower flower arc almost 
as large as the anthers of the upper flower. 

In the ear the flower developing from the larger (iqDper) of the two 
flower initials becomes the fertile flower and the smaller (lower) 
flower initial the abortive flower in those tyi)es of corn that have only 
one fertile flower per spikelet. In those typ(>s that have two fertile 
flowers per spikedet the flower from the nj)j)er initial is larger and 
<levelops before th(» flower from the lower initial. 

Tlie empty glumes are the first of th(‘ spikelet ])arts to differtviitiate 
in tlie spikelets of the tassel and the ear. 

Flower parts of the flower of tlie tassel and of the eai* differentiate*, 
in the following order: licmma and palea, anthers, and pistil. In 
the pistil the ovary, silk, and hairs on the silk develop in the order 
named. 

Pistillate spikelets which develoj) in the tassel follow the same 
sequence in their development as the ])istillate s])ikelets of the ear. 

When two fertile flowers develop in the pistillate spikelet of the 
ear both flowers follow the normal sequence of dcvcloiimcnt, but the 
upper flower develops ahead of the lower flower. 

Because they do not terminate in apical spiktdets th(> ear and tassel 
are indeterminate inflorescence. 

LITERATURE CITED 


(1) Arber, Agnes. 

1934. THE gramineae: a study of cereal, bamboo, and grass. 480 

l)p., illuK. Cambridge. 

(2) Bonnett, O, T. 

1935. THE DEVELOPMENT OF THE BARLEY SPIKE. JoUP. Agr. RcS. 51 I 

451-457, illus. 


1936. THE DEVELOPMENT OF THE WHEAT SPIKE. JoUF. Agr. Res. 53: 
445-451, illus. 


1937. THE DEVELOPMENT OF THE OAT PANICLE. Joiir. Agr. RcS. 54: 
927-931, illus. 

(5) Collins, G. N. 

1919. STRUCTURE OF THE MAIZE EAR AS INDICATED IN ZBA-EUCHLAENA 
HYBRIDS. Jour. Agr. Res. 17: 127-135, illus. 

(6) Kempton, Jambs H. 

1913. FLORAL abnormalities IN MAIZE. U. S. Bur. Plant Indus. Bui. 278, 
16 pp., illus. 

(7) Martin, J. N., and Hbrshey, A. L. 

1934. THE ontogeny of the maize plant — the early differentia- 
tion OF stem and root structure and their morphological 
relationships. Iowa State Col. Jour. Sci. 9: 489-502, illus. 
[Reprinted in Iowa Corn Res. Inst. Contrib. v. 1, No. 1.] 



Jan. 1, 1940 


Development of In jlorescences of Sweet Corn 


37 


(8) Miller, Edwin C. 

1919. DEVELOPMENT OP THE PISTILLATE SPIKELET AND FERTILIZATION 
IN ZEA MAYS L. JoUF. AgF. licB. 18: 255^266, illus. 

(9) Noguchi, Y. 

1929. STUDIEN UBER DIE ENTW'ICKLUNG DER INFLORESZENZEN UND DER 
BLUTEN BEl GETREIDEPFLANZEN. JoUF. Col. AgF., Imp. IJniv. 
Tokyo 10: 247-303, illus. 

(10) Percival, John. 

1921. THE WHEAT PLANT; A MONOGRAPH. 463 pp., illuS. Loildon. 

(11) Handolph, L. F. 

1936. DEVELOPMENTAL MORPHOLOGY OP THE CARYPOSIS IN MAIZE. JoUF. 

Agr. Ron. 53: 881-916, illus. 

(12) Schuster, Julius. 

1910. UBER DIE MORPHOLOGY DER GRASBLUTE. FIoFR [JcHa] 100: [213- 
266], illus. 

(13) Stratton, Mildred E. 

1923, THE morphology of the double kernel IN ZEA mays VAR. 
POLYSPERMA. N. Y. (CoFiiell) AgF. ICxpt. Sta. Mern. 69, 17 
pp., illus. 

(14) Sturtevant, F. Lewis. 

1894. NOTES on maize. ToFFcy Rot. Club Rul. 21: [319]-343. 

(15) Weatherwax, Paul. 

1916. morphology of the flower OP ZEA MAYS. ToFFcy Rot. Club Rul, 

43; 127 143, illus. 

(10) 

1917. THE DEVELOPMENT OF THE SPIKELETS OF ZEA MAYS. TOFFOV Bot. 

Clul) Rul. 44: 483-496, illus. 

(17) 

1919. THE MORPHOLOGKUL BASIS OF SOME EXPEHIMEN'I AL WORK W^TH 

MAIZE. Aincr. Nat. 53: 269-272. 

(18) — 

1925. ANOMAT.IES IN MAIZE AND ITS RELATIVES — 11. MANY-FLOWERED 

SPIKELETS IN MAIZE. l^oFFov Rot. Cliil) Bill. 52: 87 92, 167-170, 
illus. 

(19) 

1925. ANOMALIES IN MAIZE AND ITS RELATIVES -HI CARPELLODY IN 
MAIZE. 4'orrev Rot. Club. Jbil, 52: 167- 170, illus. 

(20) Weber, Hans. 

1938. GRAMINEEN STUDIEN. 1. UBER DAS VERHALTEN DES GRAMINEEN — 
VEGETATIONS KEGELS BEIM UBERGANG ZUR INFLORESZENZ- 

BILDUNG. Planta 28: 275-289, illus. 




THE DIGESTIBILITY OF MATURE RANGE GRASSES AND 
RANGE MIXTURES FED ALONE AND WITH SUPPLE- 
MENTS ^ 

By Ralph McCall - 

Formerly assistant in animal husbandry f Washington Agricultural Experiment 

Station 

INTRODUCTION 

Bunch grasses have long been prized for tlieir feeding value when 
mature. Where weather conditions permit their use, these grasses 
have been considered excellent winter feed for horses, cattle, and sheep. 

The study herein reported was made to determine: (1) The digesti- 
bility of bluebunch fescue (Festuca idahoensis Elmer) and bluebunch 
wheatgrass (Agropyron spicatum (Pursh) Sc.ribn. and Smith), which are 
widespread on Wasliington ranges (identified by Hitchcock (Sy ) ; (2) the 
digestibility of a mixture of mature bluebunch wheatgrass and other 
forages occurring on a typical range; (3) the nutritive value of the top 
half of the bluebuncli wheatgrass plant as compared to that of the 
whole plant cut about 1 inch above the crown of the bunch, in range 
mixtures composed largely of this grass; (4) the sui)plementary effect 
of ground Beldi barley and old-process linseed cake when fed with 
range mixtures composed largely of mature bluebunch wheatgrass; 
(5) the supplementary effect of linseed (*ake when fed at two levels; 
and (0) the performan(*e of lambs and ewes fed similarly in metabolism 
experiments. 

REVIEW OF LITERATURE 

DIGESTION STUDIES 

Kermedy and Dinsmore {10) rejiorted one of the earliest studies on 
digestibility of range feeds. Tliey fed green range forages cut in early 
summer to 3-year-old wethers for a period of 6 days. The green grasses 
were digested fairly well, but in most cases the other range forages were 
more completely digested. 

Dinsmore and Kennedy (4) fed several native hays composed of a 
mixture of grasses and clover, but with a predominance of one grass, 
to 3-year-old wethers during a 5-day experimental period. All the 
nutrients were quite completely digested, and these hays were con- 
sidered excellent fattening feeds. 

Hart and his coworkers {6) studied the digestibility of range grass 
composed largely of soft chess {Bromus hordeaceus L.) gathered in 
September after the seed heads had sliattered. They recorded a 
negative value for crude-protein digestibility. The wether lambs to 
which this grass was fed lost 3 to 5 pounds' weight in a 10-day feeding 
period, and their maximum consumption was a little under 1 pound 
daily, indicating the unpalatability of the grass. Watson and Horton 

» Received for publication October 17, 1939. Published as Scientific Paper No. 389, College of Agriculture 
and Experiment Station, State College of Washington. 
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(20) evaluated grass-hay quality on the basis of its digestible crude- 
protem content. 

Knight, Hepner, and Nelson (11) concluded that the reason forages 
cure so well on the range and retain their nutritive value to a great 
extent is their high crude-fiber content. However, Hopper and Nes- 
bitt (9) observed that a high crude-fiber content in range grasses and 
hays depressed their digestibility. 

Christensen and Hopper (S) made a seasonal study of the digesti- 
bility of prairie hay fed to steers. These hays consisted of from 50 to 
75 percent of western needlegrass or needle-and-thread grass (Stipa 
comata Trin. and Kupr.) and 25 to 50 percent of weeds and other 
grasses. The July cutting taken at the height of the growing season 
was most palatable, highest in nutrient content, and most digestible. 
The annual and biennial cuttings were quite similar in composition and 
digestibility. The April and October cuttings were similar in compo- 
sition, but their digestibility was lower because of the old grass con- 
tained in the hay. 

Armsby (1) concluded that there are comparatively small differ- 
ences in the digestibility of identical feeds when consumed by the 
various species of ruminants unless the crude-fiber content is high, in 
which case cattle are superior to sheep in their ability to digest such 
feeds. Forbes and his coworkers (5) found that sheep digested all 
nutrients except cnide fiber more eflSciently than cattle in a ration con- 
taining good-quality roughage and concentrates, but cattle excelled in 
ability to digest crude fiber. 

Ill digestion experiments carried on by Roberts (15), a native*, hay 
(‘ornposed largely of western wheatgrass or bliiestem (Agropyron 
smithii Rydb.) proved to be a more valuable feed ilian timotliy hay. 

Headden (7) reported that the native hay of Colorado was eonsid- 
ably superior to timothy in its digestible crude-protein content., but. 
contained about the same amount of digestible dry inattei*. McCreary 
(12) concluded that after range grasses mature in the fall, they ha v(> a 
feeding value that appears to be little better than that of oat straw. 

CONCENTRATE SUPPLEMENTS TO BUNCH GRASS 

Mature range grasses and hays have wide nutritive ratios, according 
io Hopper and Nesbitt (^^), and require a high-protein feed to supple- 
ment them so that sufficient protein will be available to meet the 
requirements of production, reproduction, and growth. 

Anderson ^ contends that a winter supplement is necessary for ewes 
wintered on mature bunch grass unless they go into the winter in high 
condition, for without it many are unable to withstand the severe 
storms that often occur in the Northwest. He observed that cotton- 
seed cake was superior to corn or beet-pulp pellets as a supplement to 
a bluebunch fescue range near Bozeman, Mont. However, Smith (77) 
found little difference between com and cottonseed cake as supple- 
ments to the short-grass range near Miles City, Mont. This was 
probably due to the higher crude-protein content of the grass at 
Miles City. Maynard (IS) reported an experiment in Utah where 
one-third of a poimd of cottonseed cake was fed daily with wild hay, 
which is low in protein, to old range ewes. Lambs were produced 

4 Andxrsok, 1. M. C. wintering ewes on the range. U. S. Dept. Agr., Ext. Anim. Husbandman 
Ser. 40: 12-15. 1935. (Mimeographed.} See p. 16. 
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that weighed 6 pounds per head more by June 1 than lambs from 
ewes fed one-third of a pound of shelled corn witli the same kind and 
amount of hay. 

CHARACTERISTICS OF GRASSES FED 

The Forest Service (/9, pp, G 6) reported that bluebunch fescue is 
quite palatable in the spring when it is young and tender and again in 
the fall when cured, but in the summer when it becomes rather tough 
and dry, it is not so readily grazed. 

Observations of the Forest Service (19, pp. G 58) indicated that 
bluebunch wheatgrass is palatable both green and cured, and that each 
plant has a large amount of tender foliage. It is found on early and 
late ranges where other palatable grasses are apt to be scarce, but, 
according to Sampson (16), it does not produce a heavy stand. Mc- 
Creary (12) analyzed several range grasses and found bluebunch 
wheatgrass to be lowest in crude protein and comparatively high in 
as] I and crude liber. 

EXPERIMENTAL ANIMALS, MATERIALS, AND METHODS 

Range lambs of mixiHl breeding were used as experimental animals 
in 1930 and 1933, and in 1932 purebred Rambouillet lambs and preg- 
nant Rambouillet ewes were fed. A detailed report of the method of 
(experimentation, as well as of the metabolism crates used, has been 
previously presented by Sotola (18) of this station. 

All sheep used in this study were giv(en all the forage they would 
consume without waste. There was a little refuse feed in a few cases, 
but this was analyzed and d(Hlucted. A j)r('S(‘ribed amount of con- 
cern tiate was f(Hi. 

^riie ])ure stands of bumdi grass were gatluvred on a. south slope near 
Pullman, Wash, on a silt loam type of soil. The range mixtures wei'c 
collected on a typical range of the seniiarid hills of central Washing- 
ton near Prosser on a sandy loam to a silt loam soil. The range mix- 
tures gathered in 1930, 1932, and 1933 consisted of 90, 93, and 97 per- 
cent, respectively, of bluebunch wheatgrass. In 1930 the remainder 
consisteil of about equal parts of the tender tips of common sagebrush 
Artemisia trudentata Nutt.), Russian -this tie Salsola pestifer A, Nels.), 
and Jim Hill mustard Sisynhrium altissimum L.). In 1932, 5 percent 
of sage tips and 1 percent of Russian-thistle and Jim Hill mustard 
were added to the bunch grass. In 1933 only 3 percent of sage tips 
were added as there was little other range forage available that was 
palatable to sheep, and the sage tips were not as luxuriant as in 
other years. 

All the grasses and other forages studied were collected from late 
October to the first part of December. The seeds of these grasses 
were ahnost completely shattered out when collected. 

The grass in the range mixture collected in 1930 consisted of the 
whole plant cut about 1 inch above the crown of the bunch with a 
hand scythe. As the digestibility of tliis mixture was very low, only 
the top half of the grass plant was collected in 1932 and 1933 to see 
if this portion would prove more digestible. Tliis method of cutting 
more nearly simulates the grazing of sheep having access to sufficient 
range. 
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Coarsely ground Beldi barlw {Hordeum vulgare L.) and pea-size 
old-process linseed cake were fed as supplements to the range mix- 
tures. The concentrates were about average in quality, and were 
fed mixed with the chopped forage. 

Analytical methods as reported by the Association of Official Agri- 
cultural Chemists {2) were used. 

CHEMICAL COMPOSITION OF FEEDS 

The chemical analyses of the grasses, range mixtures, concentrates, 
and rations, including range mixtures and concentrates, are summar- 
ized in table 1 . The grasses and range mixtures were quite high in 
crude fiber and low in crude protein. These tendencies were not so 
great in bluebunch fescue. 

Bluebunch fescue contained more crude protein and ash and less 
crude fiber than bluebunch wheatgrass. The range mixture collec'ted 
hi 1933 contained less ash and crude fat and more crude fiber than 
that collected in 1932. In both of these collections, only the top 
half of the bunch was used. Most of the growing season of March, 
April, May, and June of 1933 was cooler and the precipitation greater 
than in the similar period of 1932. This seasonal variation in nutri- 
ent content is in accord with the results of Woodman and his cowork- 
ers {21 ) in their study of pasture grasses. The range mixture collected 
in .1932 was particularly high in crude fat, and tlie grass included in 
the range mixture had the golden color that stockmen associate with 
high feeding value. 


Table 1. — Chemical comjwsition of range grasses^ range mixtnreK, concentrateHf and 

mixed rations 



Year 


Ex- 



1 

(-arl)ohyd rales 


Feed 

forage 

collect- 

ed 

Part of plant 
collected 

peri- 

ment 

No. 

Dry 

matter 

Ash 

Crude 

protein 

(NX6.25) 

Crude 

fiber 

Nitro- 

gen-free 

extract 

Crude 

fat 

1 

Bluebunch fescue 

1930 

Whole plant. 

2 

Percent 
87. 70 

Percent 

J4.60 

Percent 

4.62 

Percent 
27. 18 

Percent 

38.65 

Percent 

2.65 

Bluebunch wheat- 

1930 

do. 

1 

88. 74 

10. 14 

2.94 

33. 37 

39.61 

2.68 

Rrass. 










BiRUKe mixture 

1930 

do 

3 

88.06 

7.96 

3.73 

29.36 

43. 54 

3. 47 

Do 

1932 

Top half 

4 

89.91 

12.88 

2.49 

31.52 

38.29 

4.73 

Do 

1932 

do 

5,6 

90.70 

12.82 

2.44 

31.80 

38.87 

4.77 

Do.„_ 

1932 

1 do 

7 

91.17 

12.89 

2.45 j 

31.74 

39.29 

4.80 

Do 

1932 

do 

9, 10 

91.29 

12.91 

2.45 

32.00 

39.13 

4.80 

Do.. 

1933 

do 

11 

86.99 

6.62 

2.12 

34.50 

41.87 

1.88 

Do 

1933 

1 do 

12 

88.12 

6.84 

2.09 

34.76 

42. 52 

1.92 

Do... 

1933 

do 

13 

89.09 

6.93 

2.06 

36. 87 

41.79 

1.44 

Do.. 

1933 

do. 

14 

88.17 

6. 51 

2.43 

36. 89 

40.94 

1.40 

Barley 



5 

90.30 

2.64 

8.59 

6.60 

72.02 

1.55 

Do 



7 

89.29 

2. 57 

10.34 

5.54 

69. 31 

1. 53 

Do 



12 

87.44 

2.88 

9.66 

4.70 

68.70 

1.60 

Linseed cake 



G 

92.40 

7.35 

32.23 

7. 81 

39. 46 

6 . 55 

Do. 



9. 10 

92.27 

8.29 

35.00 

7.80 

35.04 

5.54 

Do 



13 

89.80 1 

5.81 

33.73 

8.12 

36.76 

5.39 

Do 



14 

89.50 

6.79 

34.44 

8. 21 

35.68 

5.38 

Range mixture 
plus— 

Barley.... - 










1932 


5 

88. 49 

8.45 

4. 92 

20.39 

51. 61 

3.22 

Linse^ cake.. 

1932 


6 

91.20 

10.97 

12.48 

23. 76 

38.96 

6.03 

Barley 

1932 


7 

90.05 

8. 44 

5. 82 

21.81 

50. 73 

3.25 

Linse^cake.. 

1932 


9 

91.34 

12.20 

7.50 

28.36 

38.80 

4.99 

Do 

1932 


10 

91. 01 

11. 38 

13. 42 

23.99 

1 37. 78 

5.04 

Barley 

1933 


12 

87.86 

5.35 

4.94 

23.43 

52. 38 

1.76 

Lins^cake.. 

1933 


13 

89. 18 

6.80 

5.86 

33.42 

41. 19 

1.91 

Do 

1933 


14 

88.49 

6.34 

10.06 

30.06 

39.69 

2.35 
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RESULTS OF THE DIGESTION STUDIES 

FEED CONSUMPTION 

Table 2 shows the amount of nutrients consumed by the lambs 
and ewes. Because of the differeiu^e in size of the experimental sheep 
in the 3 years of this study, the feed consumption was computed to 
the basis of 100 pounds of body weight. The lambs fed range mixture 
and the high level of linseed cake in experiment 14 consumed the 
largest amount of dry matter, crude protein, crude fiber, and nitrogen- 
free extract. The addition of linseed cake to the range mixtures fed 
in 1932 and 1933 considerably increased the palatability of these 
forages. The addition of barley did not have as much effect in this 
respect. The second largest amount of dry matter consumed was 
from the range mixture collected in 1930 , and more forage dry matter 
was consumed than in any other ration. The lowest dry-matter 
coiisuinption by lambs was from the range mixture collected in 1933 , 
which was quite high in crude liber and low in crude fat. Although 
there was a slight difference in forages other than grass in the range 
mixture collected in 1930 and 1933 , and the growing and maturing 
seasons were somewhat different, the considerable variation in the 
consumption of these forages would indicate that the top half of the 

Table 2. — Relative amount of feed and nulrienia consumed daily by hmihs and ewes 
fed hunch grasses and range mixtures alone and with concenlrates 


[Comput«(l to 100 pounds (4r).3C kg.) body weight] 






c. 

0/ 

Kind of 
feed 

Feed and nutrients pon.suined per head 
daily, computJid to HH) }>ounds body 
weight 

Fc(^(l, level, and year 
forage collected 

c 


a 

"c 

bi. 







(.Carbohy- 

drates 



c 

O' 

S 

a 

K 

a 

=5 1 

sz 

Vi 

*0 

C 

5 

0. 

is 

o 

2 

0/ 

> 

Forage 

Concentrate 

Feed as fed 

Dry matter 

Ash 

O'..--. 

1^. 

oX 

£ 

Crude fi- 
ber 

Nitrogen- 
free ex- 
tract 

Crude fat 

Blucbunch fescue- 
pure stand: 

19301 

2 

No. 

« 

1 

Lambs 

Kg. 

24.7 

Pet. 

100.00 

Pet. 

0. 00 

Gm. 

IH)1.5 

Gm. 

790.0 

Gw. 

131.0 

Gm. 

41. 0 

Gm. 

245. 0 

Gm. 

348. 5 

Gm. 

23.9 

Blue bunch wheatgrass— 
pure stand: 

1930 1 

1 

6 

...do 

24.2 

100.00 

.00 

780.2 

092. 5 

79.1 

22.9 

2fi0.4 

309.2 

20.9 

Range mixture: 

19301 

3 

f) 

...do.—. 

24.4 

100. 00 

.00 

1, 005. 8 

885.7 

80.1 

37. 5 

295.3 

437. 9 

34.9 

1933 a 

11 

0 

...do 

29.0 

100. (K) 

.00 

331. 5 

288.4 

21.9 

7.0 

114.4 

138.9 

6.2 

1932* 

4 

6 

Ewes 3.. 

05.0 

1(K).00 

.00 

323.5 

290.8 

41.7 

8.0 

102.0 

123.8 

15.3 

Range mixture plus 
barley— high level: 
1932 

7 

3 

Lambs.. 

45. 7 

55.87 

44.13 

589. 6 

530. 8 

49.8 

34. 3 

128.6 

298.9 

19.2 

1933 

12 

6 

..do 

29.2 

62. . 3:1 

37. 67 

724. 5 

636. 5 

38.8 

35.8 

109. 7 

379. 4 

12.8 

1932 

5 

3 

Ewes 3-- 

09.1 

55. 50 

44. 50 

486. 0 

430.6 

41.1 

23.9 

99.2 

250.7 

15.7 

Range mixture plus lin- 
seed cake— low level: 
1932 

9 

3 

Lambs.. 

45. 7 

85.29 

14.71 

607.2 

554. 0 

74.1 

45.5 

172.1 

232.6 

30.3 

1933 

13 

6 

...do 

28.3 

87.98 

12.02 

801.4 

714.7 

54.5 

47.0 

267. 8 

330.1 

15.3 

Range mixture plus lin- 
seed cake— high level: 
1932 

10 

3 

...do .... 

51. 2 

00.90 

33. 10 

744.9 

682.4 

84.8 

100.0 

178.7 

281.4 

37.5 

1933 

14 

0 

...do 

29.9 

70. 10 

23.84 

1,118.7 

989. 9 

70.9 

112.5 

330. 2 

444.0 

20.3 

1932 

6 

3 

Ewes >.. 

62.2 

66.21 

33.79 

713. 7 

650.9 

1 , 

78.3 

89.1 

169.6 

278.0 

35.9 


1 Grass cut about 1 inch above the crown of the bunch. 

> Bluobuncb wheatgrass in range mi.vture cut about halfway from crown to top of bunch. 
3 2 years old. 
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bluebunch wheatgrass plant was less palatable than the whole plant. 
When no concentrate was fed, the consumption of bunchgrass and 
range mixtures was inadequate for maintenance except in experiment 
3 with the range mixture collected in 1930. But according to Armsby 
(f ) the amount of feed consumed has little effect on its digestibility' 
as long as the kind of feed consumed remains the same and the experi- 
mental animals are simDar. 

COEFFICIENTS OF APPARENT DIGESTIBILITY 

The average coefficients of apparent digestibility obtained with 
lambs and ewes for the organic nutrients of the rations fed are sum- 
marized in table 3. Six lambs were used except in 1932, when 
three lambs were fed one ration and the other three another ration 
as indicated in table 3. 

Ti\BLE 3 . — Coefficients of digestihility of hunch grasses and range mixtures fed alone 
and supplemented with concentrates to lambs and ewes 


[Standard deviations • are reported only where six sheep were fed] 







Coeflicients of digestibility 


Feed, level, and year 
forage wa.s collected 

Ex- 

Ijeri- 

ment 

Sheep 

Kind of 
sheep 


Crude 

Carbohydrates 



No. 



niattor 

protein 

(NX6.25) 

Crude 

fiber 

Nitrogen- 
free extract 

fat 

Bluebunch fescue— 
pure stand: 

- 

2 

VW7«- 
her 1 
G 

Lambs. _ 

Percent 

4l.6dr2.08 

Percent 
21. 2.J-6. 00 

Percent 

6,5.3*7.12 

Percent 
49. 8*2. 23 

Per 'enf 

33. 6*2. 2f» 

Bluebunch wheatgrass 
—pure stand: 

1930* 

1 

0 

-do 

.10. (B-2. 70 


.50. 7*2. 00 

, 

.18. 8*3. 00 

32. 0*2. (Kl 

Range mixture; 

19.30 *... 


(i 

.do... 

1 

47.,»)±2.2C 

■ 

17. 2*0. 43 

.5.5. 7*2. 00| 

49. 8*2. 23i 

44. 7*2. .50 

mis... 

U 

0 

do . . 

.'ll. OrtK. 03 


07. 0*8. .54 

62. 0*8. 79 

49.4*4. 10 

1932 * 

4 

0 

Ewes ♦ . 

27. Snb.'j. 31 


43. .5*4. m 

33. 6*6. 79 

27. 2*0. 86 

Range mixture plus 
barley— high level: 
1932. 

7 

3 

Lambs... 

68.7 

47.0 

67.3 

71.0 

47. 0 

1933 

12 

6 

...do 

.59.2*3.33 

34.4*6.19 

67. 3*0. Of) 

08. 2*2. 04 

68. 7*4. 72 

1932 

5 

3 

Ewes *. - 

47.3 

33.0 

1 37.0 

00.3 

46.3 

Range mixture plus lin- 
seed cake— low level: 
1932 

9 

3 

Lambs. - 

40.3 

37.0 

67.0 

41.0 

69.7 

1933 

13 

6 

...do 

52.3*4.32 

38.0*7.3.5 

65. 6*6. 24 

51. 6*3. 98 

68.7*.5.13 

Range mixture plus lin- 
seed cake— high level: 
1932 

10 

3 

— do 

63.0 

67.7 

66.3 

68.3 

66.7 

1933. 

14 

6 

...do 

56. 0*2.76 

62.3*3.39 

67. 0*3. 41 

54. 8*2. 48 

66. 8*4.17 

1932 

6 

3 

Ewes*.. 

45.3 

63.3 

63.0 

52.3 

62.0 


1 The formula used in computing the standard deviation was cr = 

* Grass cut about 1 inch above the crown of the bunch. 

> Grass in range mixture cut about halfway from crown to top of bunch. 

* 2 years old. 

All the nutrients of the range mixture fed in 1930, which consisted 
largelj^ of bluebunch wheatgrass, were more completelj digested than 
those in the pure stand of this grass. The digestibility of the dry 
matter of the mature grasses and the range mixtures was quite low, 
with the exception of the range mixture collected in 1933. The con- 
sumption of the 1933 range mixture was low, but, according to Armsbjr 
(/), this should make little difference in its digestibility. The addi- 
tion of barley and linseed cake to the range mixture increased the 
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digestibility ot dry matter of the mixed ration in all cases as compared 
to that of the range mixture fed alone. 

More crude protein was excreted than was consumed by lambs fed 
the pure stand of bluebunch wheatgrass and the 1933 range mixture, 
and by ewes fed the 1932range mixture. According to Mitchell the 
greater the concentration of indigestible, nonnitrogenoiis material in a 
ration, the greater the fecal excretion of metabolic nitrogen. The 
addition to range mixtures of barley and of linseed cake (particularly 
the larger amount) materially increased the digestibility of crude 
protein and crude fat. No similar increase was noted in Ihe digesti- 
bility of crude fiber, and only when barley was added to tlie range 
mixture was there a significant increase in the digestibility of nitrogen- 
free extract. 

The coeflTicients of digestibility obtained with lambs were in all 
cases higher than with ewes similarly fed. The ewes fed in these 
experiments were well along in their pregnancy period. 

The range mixtures fed with linseed cake at the low level were in 
general less comphdely digested than when fed with barley at the high 
level, which was about three times as much concentrate. However, 
only the diy matter and nitrogen-free extract of the latter ration woro. 
more (*>omx)letely digestinl than that of the range mixtures and the 
larger amount of linsc^ed cake. About ojie-hall* ])()und of concentrate 
j)er ]()() pounds of live vv(‘ight was fed at the high level. 

TOTAT. DIGESTIBLE NUTRIENT RATING 

Table 4 j)resents a summaiy of the digestible nutrients in the rations 
fed and a ratijig of the rations based on the total digestible nutrients 
contained. 


Table 4. — The digestible nutrients in hunch grasses and range mixtures fed alone 
and with concentrates; rating based on total digestible nutrients 







Dige.stible nutrients 









... 





Rating 











P’cttd levol, Hiid yc.ar 
forage was coIUujUmI 

Kx- 
IKTi- 
nient 
N o. 

Kind 

of 

•^rotal 

dry 

matter 

('rude 

f'arbo- 

hydrate.'< 



Nutri* 

tive 

on 

basis 
of total 

I>r»)- 
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When the total digestible nutrients of the range mixture fed in 1930 
were figured at 100 percent, the range mixture and barley combina- 
tions fed to lambs in 1932 and 1933 were highest, with ratings of 
129.93 percent and 126.25 percent, respectively. The range mixture 
fed to ewes in 1932 rated only about one-half as high, or 69.93 percent. 
These ewes consumed a small amount of forage and its d^estibility 
was quite low. All rations containing some concentrate rated 100 
percent or higher. 

The nutritive ratios of the grasses and of range mixtures fed alone 
were miite wide in cases where there were positive coefficients of di- 
gestibility of crude protein. The nutritive ratios were very narrow 
only when the high level of linseed cake was fed with tlie range 
mixtures. 

NITROGEN BALANCES 

The nitrogen consumption and retention for lambs and ewes during 
the 10-day period on the different feeds are reported in table 5. The 
addition of the laiger amount of linseed cake to the range mixtures 
more tban doubled tlie nitrogen intake over that from range mixtures 
and barley. The smallest nitrogen consumption from the rations 
containing no concentrate was 7.28 gm. as compared with 118.16 gm., 
the smallest amount <!onsunied when the linseed cake w'as fed at the 
high level. More than 1 6 times as inmdi nitrogen was consumed in the 
latter ration. The nitrogen consiimption in the former case was very 
low because of tlie small amount of feed eaten and its low nitrogen 
content. 



Table 5. Summary of nitrogen balances for lambs and ewes fed hunch grasses and range mixtures alone and supplemented with concentrates; 

10-day period * 

[Standard deviations given only for experiments with 6 sheep] 
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Tliere was no nitrogen retention from bunch grasses or range mix- 
tures fed with no concentrate supplement, and in only one case when 
barley was fed with a range mixture. However, all the lambs fed the 
higher level of linseed cake stored about one-fifth to one-fourth of the 
nitrogen consumed, and the nitrogen consumed and voided by the 
ewes on this feed just about balanced. Linseed cake was decidedly 
superior to barley as a supplement from the standpoint of nitrogen 
retention. 

SUMMARY AND CONCLUSIONS 

Bluebunch fescue (FeMuca idahoensis, Elmer) cut in the late fall of 
1930 about 1 inch above the crowm of the bunch contained more crude 
protein, less crude fiber, and more total digestible nutrients when fed 
to lambs than bluebunch wheatgrass {Agropyron spicatum tPnrsh) 
Scrbn. and Smith). Coeflicients of digestibility of crude protein 
were positive for bluebunch fescue and negative for bluebunch 
wheatgrass, although lambs fed both of these grasses registered negii- 
tive nitrogen bahin(‘ns. The bluebunch fescue was more palatable 
than the bluebunch wheatgrass. 

A range mixture consistitig of blue})unch wheatgrass with 10 pevreent 
of other forages c()ll(H*ted in the late fall of 1030 contained more crud(i 
])rotein, nitrogen, fr(M> extract, and crude fat, less (*mde liber and ash, 
and was more digestible and palatable than the same grass fed alone. 
The bluebunch wheatgrass of this mixture was also out about 1 inch 
above the crown of the bunch. The range mixture of 1930 contained 
less crude fiber, more crude fat, more crude protein of higher digesti- 
bility, and was considerably more palatable than the range mixtui'e 
collected in 1933, which contained only the top half of the bluebunch 
wheatgrass. The range mixture collected in 1932, similar in physical 
composition to that of 1933, but containing considerably more crude 
fat and ash, a little less crude fiber and nitrogen-free extract, and about 
the same amount of total digestible nutrients, seemed to be more 
palatable than that collected in 1933 when fed in combination with 
ground Beldi barley and old-process linseed cake. These comparisons 
would indicate that the larger proportion of basal leaves in the 1930 
range mixture more tlian compensated for the lower part of the stems 
included as compared to the 1932 and 1933 range inixture. The 
range mixture collected in 1930 furnished enough digestible nutrients 
to meet the maintenance requirements of the lambs to which it was 
fed, but the other range mixtures, as well as the pure stands of blue- 
bunch fescue and bluebunch wheatgrass, failed to meet these 
requirements. 

When approximately one-half pound of linseed cake per 100 pounds 
of live weight was fed with range mixtures to lambs and pregnant 
ewes, the mixed rations were more palatable and digestible than the 
same range mixtures fed alone. This combination was also more 
palatable and contained more digestible crude protein, crude fiber, 
and crude fat than a similar amount of ground barley fed with the 
same range mixture, but the barley combination contained slightly 
more tot^ digestible nutrients because of a greater content and 
digestibility of nitrogen-free extract. 

A ration consisting of approximately one-sixth of a pound of linseed 
cake per 100 pounds live weight of lambs and a range mixture col- 
lected in 1933, was more palatable and contained more total digestible 
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nutrienls than a similar range mixture fed alone. This ration was 
also more palatable than approximately one-half pound of barley and 
a similar range mixture, but did not contain as much total digestible 
nutrients as the latter ration. Approximately one-half pound of 
linseed cake and range mixture was more palatable and digestible 
than the smaller amount of linseed cake and range mixture, and the 
former ration was the only one of this study that had a very narrow 
nutritive ratio. 

Pregnant ewes were less efficient than lambs in digesting range 
mixtures with or without the addition of barley. They more closely 
approached lambs in efficiency of digestion when fed linseed cake as a 
supplement to a similar range mixture. 

It would seem from this study that mature bluebimch fescue and 
bluebunch wheatgrass collected in late fall have been overrated as 
feed for sheep. 
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RELATION BETWEEN CAROTENOID CONTENT AND 
NUMBER OF GENES PER CELL IN DIPLOID AND 
TETRAPLOID CORN ‘ 

By L. F. Randolph, cytologist, Division of Cereal Crops and Diseases^ Bureau of 
Plant Industry^ United States Department of Agriculture^ and research professor 
of botany y New York State College of Agriculiurey and David B. Hand, assistant 
professor of biochemistnjy New York State College of Agriculture 2 

INTRODUCTION 

The evaluation of induced chromosome doublint;: as a method of 
plant breeding requires more information on the specific effects of 
chromosome doubling than is available at the present time. It is 
important that this information be procured from comparisons of 
related diploid and tetraploid strains of known origin and similar 
genetic constitution Such strains have not been generally available 
because of the infrequency with which chromosome doubling occurs 
spontaneously and because of the lack of methods for the experimental 
production of autotctraploids generally applicable to crop plants. 
But with the development of the heat-treatment technique for the 
experimental doubling of chromosome numbers (/O) ® comparable 
diploid and tetraploid strains of corn (Zca mays L.) and other plants 
have been made available for study. 

The effect of chromosome doubling on the carotenoid pigments in 
corn is of special interest because of the vitamin A potency of two of 
these pigments. The investigation reported in this paper was under- 
taken to determine tlie relation between carotenoid content, cell 
volume, and gene number in comparable strains of diploid and 
tetraploid corn and to determine the carotenoid content of examples 
of commercial varieties, inbred strains, and hybrids of ordinary 
diploid corn. A preliminary report of these studies has already been 
published (/^). 

The carotenoids of the com kernel are located in the endosperm 
tissue, which is relatively homogeneous in cellular organization and is 
thus favorable material for a study of cell-volume relations. In corn 
of the ordinary diploid sort the chromosomes and genes are present in 
triplicate, while in the derived tetraploid there are six sets of chromo- 
somes and genes. Since the chai’acter in question is definitely localized 
in the endosperm tissue, a favorable opportunity is presented for a 
study of the effect of gene number on the degree of development of the 
yellow pigment. 

Yellow com meal contains the carotenoid pigments beta-carotene 
and cry ptoxan thin, precursors of vitamin A, and zeaxanthin, which 

> Received for publication Septetiiber 2!i, 1939. Cooiierative investigation of the Division of Cereal Crops 
and Diseases, Bureau of Plant Industry, U. S. Department of Agriculture, and the Departments of Botany 
and Dairy Industry, New York State College of Agriculture, aided by a grant from the committee on radia- 
tions of the National Research Council. 

* The carotenoid analyses were made by R. Q. Hart in the dairy chemistry laboratory, New York State 
College of Agriculture. 

* Italic numbers in parentheses refer to Literature Cited, p. 64. 
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has no relation to vitamin A activity (7). In animal experiments, 
Stecnbock and Boiitwoll [14) demonstrated the vitamin A potency of 
yellow (5orn and the lack of potency of white corn. Later, Mangels- 
dorf and Fraps (^) and Johnson and Miller (5, 4) found a direct quan- 
titative relationship between the amount of vitamin A potency and 
the number of dominant genes for yellow in comparable samples of 
corn. 

Studies on the chemical composition of diploids and their auto- 
tetraploid derivatives have been made in relatively few plants. The 
relation between chromosome number and vitamin C content in 
apples was studied by Crane and Zilva (f), who found tlvat triploid 
varieties had more of the vitamin than did the unrelated diploid 
varieties that were examined. Autotetraploid tomatoes also contain 
more vitamin C than the parental diploids, according to Sansome and 
Zilva [13). Chemical analyses of comparable diploid and autotetra- 
ploid strains of tomatoes and petunias were made by Kostoff and 
Axamitnaja (J), who reported that the tetraploid tomatoes had more 
nitrogen and water but less cellulose and ash than the parental diploid 
strain; but in Petunia the chemical composition of the diploid and 
tetraploid was essentially the same. The results with tomatoes should 
be interpreted in the light of the fact that tetrapoid tomatoes, because 
of their reduced fertility, have smaller fruits than the diploids. 

PREPARATION' OF MATERIALS 

The strains of diploid and tetraploid yellow corn selected for com- 
parison were derived from three inbred lines of pure yellow corn, 
Webber Dent 2312, Illinois A*“2311, and Luces Favorite ‘W36-1. The 
Webber Dent inbred was crossed with Illinois A, and the Fi hybrid 
was crossed in turn with the Luces Favorite inbred. Cliroinosome 
doubling w^as induced in this three-way hybrid by the heat-treatment 
technique [10), and the resulting tetraploid plants, several in number, 
were mass-pollinated for two generations to provide adequate matej’ial 
for analysis. A comparable diploid strain was developed from th(^ 
same source by mass-pollinating for two generations the diploid sister 
plants of the indiicncl tetraploid individuals. The two strains were 
designated Diploid Yedlow and Tetraploid Yellow, respectively. A 
""isecond tetraploid yellow strain, designated Tetraploid Yellow B, 
was also analyzed for total carotenoid content. This strain originated 
from a cross between an inbred white flint corn and the Webber Dent 
2312 inbred, followed by three generations of selective breeding for 
the yellow character. Comparable diploid and tetraploid strains of 
white corn, derived from inbred lines of white Argentine Flint and 
Spanish Flint and here designated Diploid White and Tetraploid 
White, were also analyzed for carotenoid content. In addition, sepa- 
rate analyses were made of a number of diploid inbred lines, including 
those from which the above-mentioned strains w^ere derived. 

In addition to these analyses of tetraploid and diploid corn, the 
carotenoids were determined in examples of various commercial vari- 
eties, inbred lines, and their hybrids, including a commercial double- 
cross hybrid grown extensively for grain and fodder in New York.^ 

♦ The hybrid, W29-3, and the parent lines, W36-1, W36-2, W36-3, and W36-4, were produced by Dr. R. G. 
Wiggans, of the Department of Plant Breeding, Now York (Cornell) Agricultural Experiment Station, and 
were furnished by him for these studies. 
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The coiiiparison of cell-volume relations in the endosperm tissue of 
the diploid and tetraploid corn was based upon a study of morpho- 
logically mature kernels selected from the pure yellow strains, which 
were analyzed for carotenoid content. Microtome sections were pre- 
pared in the usual manner from the desired portions of kernels that 
iiad been fixed in a weak Flemming’s solution. To facilitate the prep- 
aration of the sections, the reserve starch in the endosperm was partly 
removed by soaking the seeds in water prior to lixation. Cd\ volumes 
were computed from measurements taken from camera-lucid a, sketches 
drawn at a, magnification of 440 diajneters. 

ANALYTICAL METHOD 

For tli(> fractionation and determination of the carotenoids in the 
corn meal, the following sim])lified method, based upon the procedure 
of Kuhn and llroc.kmann (6*), was developed. The ineal was pre- 
pared from entire, kcvrnels, including the embryo and pericarp in 
addition to the endosperjn. Since the endosperm comi)rised tlie l)ulk 
of the meal and the pro])ortions of th(‘ different ])arts were very similar 
in the diploid a,nd tetraploid stocks that were analyzed, the presence 
of the germ and p(ui('.arp was disregarded in comparing the relative 
amounts of carotenoid present in tlie samples. Samples were pre- 
pared for analysis by selecting at random 10 ears of corn from each 
strain, C!5orn meal was produced from the air-dried, shelled grain by 
grinding r)0-gm. samples for 5 minutes in a Wiley mill ecj nipped with 
a sieve of 1-mm. mesh. The meal was dried in a desi(*c.ator over 
pliosphorus pentoxide (P2O5). Four to eight samples of 2.5 gni. 
each were thorougldy mixed with 50 nd. of iinhydrous methyl alcohol 
(distilled from lime) and allowed to stand in glass-stoppered flasks for 
18 hours. The methyl alcohol extract was filtered through sintered 
glass, the filter and precipitate were washed with small portions of 
methyl alcohol, and the volume was reduced by evaporation under 
reduced ])ressure and then made up to exactly 50 ml. with additional 
methyl alcohol. The total pigment in the methyl alcohol was deter- 
mined in a photoelectric colorimeter with Corning glass filters 585 
and 428. The construction, c.alibration, and use of this colorimeter 
has been described by Hand and Sharp (la). The extract was saponified 
for 2 hours at 50° C. after 5 ml. of a 5-percent solution of potassium 
hydroxide (KOH) in methyl alcohol had been added. The solution 
was cooled, 0.0 ml. of water added, and the mixture shaken for 15 
seconds in a separatory funnel. The active fraction, containing 
beta-carotene and cryptoxanthin, was extracted with from 4 to 8 
successive 25-ml. portions of petroleum ether.® The petroleum ether 
extracts were combined and evaporated to exactly 50 ml. under 
reduced pressure, and the absorption coefficient was determined in 
the colorimeter. In a similar manner the inactive zeaxanthin was 
extracted with petroleum ether after the water content of the methyl 
alcohol had been increased to 40 percent, and the absorption coefficient 
in petroleum ether was determined. 

Calculations of carotenoid were made from a calibration curve for 
the absorption coefficient of pure beta-carotene plotted against 

» Separate determination of beta-carotene and cryptoxanthin can bo ma<ie by extracting the beta-carotene 
from 99-percent methyl alcohol and the cryptoxanthin from 90-i)erceut methyl alcohol, but were not made 
in these studios because of the relatively small amount of beta-carotene in corn meal. 
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milligrams of beta-carotene per liter of petroleum ether (fig. 1). In 
these calculations, it was assumed that cryptoxanthin and zeaxanthin 
had the same absorption as beta-carotene with glass filters 585 and 
428 and that the light absorption was the same in methyl alcohol as in 
petroleum ether. Since these assumptions are not exactly correct, an 
error was introduced with respect to the absolute amounts of carot- 
enoid, but not with respect to the relative values for the different 



BETA-CAROTENE 
(MILLIGRAMS PER LITER) 

FiGUKE 1. — Light absorption by 
beta-carotene in petroleum ether. 

Absorption coefficient, logio ~ for 1 

cm., filters 585 and 428. 



SAPONIFICATION PERIOD ( HOURS) 

Figure 3, — Effect of saponification 
time on the extraction of caroten- 
oids by petroleum ether from 85- 
percent methanol. 



CORN (GRAMS PER 50ML. METHANOL ) 

Figure 2. — Repeated extractions of 
corn samples by methanol: a, First 
extraction; 6, second extraction; c, 
third extraction. 



(PERCENT) 

Figure 4. — Effect of water content 
on the fractionation of caroten- 
oids: a, Active fraction; 6, inactive 
fraction. 


strains of com. In practice the calculation was further simplified so 
that the number of milligrams of carotenoid per gram sample was 
obtained by multiplying the absorption coefficient by the factor 0.155. 
This approximate method neglects the deviation from linearity up to 
5 mg. per liter (fig. 1). The chief advantage in using the factor is that 
the calculated values for carotenoid content can be readily changed 
to the experimental values for the absorption coefficients of 50-ml. 
extracts from 2.5-gm. samples of com. 
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Experiments made in the elaboration of the method are summar- 
ized in the accompanying figures. In figure 2 it can be seen that 
practically all of the carotenoid is removed by a single extraction 
with 50 ml. of methyl alcohol if the sample is not larger than 2.5 gm. 
Figure 3 shows that the saponification of the xanthophyll esters is 
complete after 2 hours at 50° C. If the saponification is incomplete, 
the xanthophyll esters are extracted with the beta-carotene and 
cryyitoxanthin and the values for the active fraction arc erroneously 
high. If the saponification is carried on too long, e. g., for 10 hours, 
extraction of the zeaxanthin fraction by petroleum ether is very much 
mor(> difficult. Figure 4 shows that a sharp separation of tlie a(;tive 
and inactive fractions is obtained with 10 percent of water in the 
methyl ah'.ohol. If more water is used for the first extraction, some 
of the zeaxanthin is lorced into the petroleum ether. The amount of 
wat(M- needed for the ojitimum extraction of the inactive fraction may 
vary from 30 to 50 percent. 

Sonu^ idea of th<^ accuracy of the method (‘.a.n be obtained from a 
series of 17 analyses of the same strain of corn for which the average 
deviation from the mean was only ±4.2 percent. By reducing the 
number of steps in the procedure the chances for the loss or destruc- 
tion of carotenoids were reduced. The results reported herein agree 
with typical values for the carotenoids in a sample of Italian corn 
reported by Kuhn and Grundmann (7) (beta-carotene, 0.0007 mg.; 
(uyptoxanthin, 0.0040 mg.; and zeaxanthin, 0.0127 mg. per gram) but 
are considerably Idgher than those of Johnson and Miller (3, 4), 

RESULTS OF CAROTENOID ANALYSES 

The results of the carotenoid analyses of diploid and related strains 
of yellow and white corn ; of a number of commercial varieties of ordi- 
nary diploid corn, including examples of the inoro important kernel 
typers, such as dent, flint, pop, and sweet corn; and of a limited number 
of diploid inbred lines and hybrids arc shown in table 1. The total 
carotenoids in methvl alcohol, the active provitamin A fraction, con- 
taining carotene and cryptoxanthin, and the inactive zeaxanthin 
fraction are listed separately in the table. The sum of the active and 
inactive petroleum ether fractions does not in all cases equal the 
values obtained for the total carotenoids in methyl alcohol, presum- 
ably because of losses incurred during their saponification, transfer 
to petroleum ether, and final separation. Therefore, the values ob- 
tained from the original methyl alcohol extractions are considered to 
be a more reliable index of the relative amounts of total carotenoids 
present in the different kinds of corn that were analyzed. 

The feeding experiments of Mangelsdorf and Fraps (5) demon- 
strated that the amount of vitamin A in corn meal was directly pro- 
portional to the number of dominant genes for yellow endosperm 
color present in the seed, the amount present being approximately 
in the ratio 3 : 2 : 1 for the YYY, FF?/, and Yyy endosperm genotjrpes. 
White corn of the constitution yyy was fouml to have no vitamin A 
potency, a result which was in agreement with the earlier work of 
Steenbock and Boutwell { 14 ) and Hauge and Trost { 2 ). Results 
similar to those of Mangelsdorf and Fraps {8) were reported recently 
by Johnson and Miller (S) from spectrophotometric analyses. 
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Table 1. — Carotenoid analyses of tetraploid and related diploid corn, diploid 
commercial varieties, inbred lines, and hybrids, in milligrams of pigment per 
gram of dry corn meal, each value being an average of four or more analyses 

[Standard errors are given for the total carotenoid values] 


Com sample 

Total carot- 
enoids in 
methyl alcohol 

Sum of petro- 
leum ether 
fraction 

Beta-caro- 
tene and 
cryptoxan- 
thin 

Zeaxanthin 

Diploid Yellow 

Millifframs 

MilligramH 

Milligrams 

MiUigravis 

0.0261=fc0.000r. 

0.0243 1 

0. 0097 

0. 014.5 

Tetraploid Yellow . . 1 

Tetraploid Yellow TJ. 

.(W66d: .0010 
.038fi±: .(XX)f) 

.0314 1 

. 0122 

. 0192 

Diploid White 

.(X)67± .0003 

. 0049 

.0018 

.(X)31 

'^retraploid White 

.0054± .0001 ; 

. (X)42 

.(K)17 

. 0025 

Commercial varieties; 





J, earning Yellow,. .. 

.Om-k .0001 

. 0267 

. (X)68 

. 0199 

Cornell 11 

.02K2± .(XX)2 i 

.0201 

. (X).56 

.0145 

Aivords White (riap Dent 

.(X)73rt: .(XX)2 

.(X).5| 

.(X119 

. (H)32 

Argentine Yellow Flint 

.04701. .(XX)i 

. 0422 

.0160 

. 0262 

Oueeii Golden pop 

.0352± .(XX)2 

. 032.5 

.0117 

. 0208 

White Jtiee j>op _ 

.(XW4rb .(XXM 

. (X»27 

.(MK)S 

.<MH9 

Yankee (’heat Hour 

.(X)44i- .(XX)2 

. (X)2S 

.(MN)8 

. (X)20 

Golden JJautam sweet 

.{X)71Jr .(XX)4 

.0126 

.(K131 

. (XX)5 

Inbred lines: 




l^utton Flint. - . . 

.0i44± .(XX) I 

.0113 

. (X)3.5 

. (X17.8 

Bloody liutcher . 

.0210rb .(XX)2 

.0131 

. (X)39 

. (K)92 

Illinois A-2311 _ 

.0257± .0001 

.0183 

.0047 

. 0136 

Webber Dent 2312 

.0327d: .0001 

. 0237 

. (XXi5 

.0172 

Luces Favorite Waft^l 

.0270nb .(KXil 

.0271 

.0108 

.0163 

Onondaga White W36-2 . 

.0057* .0001 

.0038 

.(X)16 

.(X)22 

Cornell 11 W36-3 , ..... 

. 0630* . 0006 

. 0651 

.0313 

. 0338 

Bloody Butcher W" 36^ 

. 0476* . 0003 

. 0421 

.0178 

.0243 

Hybrids: 

W36-2X W36-1.... 

.0100* .0001 

.0103 

.0043 

. 0060 

W36-3XW36-4 . 

.070.5* .0001 

. 0709 

. 0328 

.0381 

W2iF-3 - 

.0326* .(KX)4 

. 02iK) 

.0119 

.0171 


111 the present study a comparison was made between the (carot- 
enoid content of pure yellow diploid corn carrying the three (lominant 
genes, YYY, for yellow, and a derived tetraploid with the doubleJ 
number of genes, YYYYYY, for yellow. Increasing the number of 
genes for yellow from three to six increased the total carotenoid con- 
tent from 0.0261 mg. per gram of dry meal in the diploid to 0.0366 
mg. in the tetraploid (table 1), an increase of 40 percent. This was 
the percentage increase for the Tetraploid Yellow strain compared 
with the related Diploid Yellow strain. There was approximately 
ihe same percentage increase for both the active provitamin A frac- 
tion containing beta-carotene and cryptoxanthin and the inactive 
zeaxanthin fraction. That is, the increase in carotenoid pigment 
carrie(i with it a proportional increase in vitamin A potency. The 
intensity of endosperm color was approximately the same in the 
diploid and tetraploid strains. 

Although the 40-percent increase in carotenoid content is attributed 
to chromosome doubling, it is recognized that the growing of the Tetra- 
ploid Yellow and Diploid Yellow strains for two generations in order to 
obtain sufficient material for the carotenoid analyses provitled a 
limited opportunity for the segregation of genes affecting carotenoid 
content to take place independently within each of these strains. 
Such genotypic changes might either diminish or accentuate the (iiffer- 
ences in carotenoid content caused by chromosome doubling. How- 
ever, the inbred lines from which these strains originated, namely, 
Illinois A, Webber Dent, and Luces Favorite, did not differ markedly 
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in carotenoid content (table 1), and the opportunity for gene segrega- 
tion to occur was reduced to a minimum by practicing mass pollina- 
tion rather than selfing or sib-crossing individual plants. 

A second tetraploid yellow strain that was analyzed, Tetraploid 
Yellow B, had a carotenoid content of 0.0389 ±0.0000 mg. This 
strain was a third -generation selection for yellow from a cross between 
Webber Dent 2312 and a white Spanisli Flint inbred and was still 
segregating for endosperm color. The carotenoid content of this 
impure yellow tetraploid strain was appreciably higher than that of its 
diploid yellow parent, Webber Dent 2312, which was 0.0327 ±0.0001 
mg. Ordinarily tlie admixture of white with yellow strains reduces 
carotenoid content. (See table 1 and the analyses of Mangelsdorf 
and Fraps (S), dohnson and Miller (3), and others.) The relatively 
high carotenoid content of the Tetraploid Yellow B strain is attributed 
t.o the effect of chromosome doubling. 

The diploid inlmxl liiu^s from whi(‘h the pure Diploid Yellow and 
Tetraploid Yellow strains originated, namely, Webber Dent 2312, 
Illinois A 2311, and Luces Fa,vorite VV3(‘) -1, were somewhat dilferent 
with respect to both endosperm color and carotenoid content. The 
Webber Dent inbred had the deepest endosperm color and also tlie 
liighest carotenoid content, but the Luces Favorite inbred, which had 
the least endosperm color of the three, had a somewhat higher carot- 
enoid content than the deeper yellow Illinois A line. The mean 
value for the three inbred lines was 0.0292 mg. per gram of dry meal, 
as compared witli 0.0201 mg. for the diploid strain produced by inter- 
crossing tlu^se lines. 

The total carotenoid content of the Tetraploid Yellow strain was 
not twice as great as that of the related Diploid Yellow strain, as 
might have been expected since other workers have shown that in 
ordinary diploid corn the carotenoid content is directly proportional 
to the number of dominant genes for yellow endosperm. The carot- 
enoid content per unit volume ® in the tetraploid was 40 percent 
greater than in the diploid, but in terms of gene number per cell 
there was more than a twofold increase, as will be seen from the 
scc.tion on Cell-Volume Relations. 

The tetraploid white-endosperm strain and the diploid from which 
it was derived contained api)reciable amounts of carotenoids including 
beta-carotene and cryptoxanthin, which are precursors of vitamin A 
(table 1). In those strains, doubling the number of chromosomes and 
genes caused a decrease of 19 percent in (‘.arotenoid content. These 
white strains, which are designated Tetraploid White and Diploid 
White, originated from a cross between an inbred line of an early 
flint coni commonly knowm as Spanish Flint and an inbred line of 
wliite Argentine Flint corn. Other white-endosperm types of diploid 
corn, including Wliite Rice popcorn, Yankee Cheat flour corn, and 
Onondaga Wliite Dent corn, liad a lower carotenoid content than the 
Diploid White corn (table 1). Alvord White Cap Dent, a yellow dent 
corn with a white crown, was also very low in total carotenoids. 

Ill all of the tetraploid strains investigated, the weight of the indi- 
vidual kernels was approximately 50 percent greater than that of the 

> Since approximate measurements showed no significant difTerence In the density of the diploid and 
tetraploid kernels, the carotenoid content for unit weight, i. e., i>er gram of dry meal, is also the carot- 
enoid content per unit volume. 
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related diploid. This percentage increase in kernel size is characteris- 
tic of most strains of tetraploid com {11). 

The commercial varieties and inbred lines of diploid yellow corn 
that were analyzed exhibited a wide range of values for total carotenoid 
content, as indicated in table 1. The Ixighest value (0.0()39 mg. per 
gram) was obtained from an inbred strain of Cornell 11, and the 
lowest values were from Dutton Flint (0.0144 mg.) and Golden 
Bantam sweet corn (0.0071 mg.). The inbred line of Ck)rnell 11 had 
more than four times as much carotenoid as the Dutton Flint. 

It was noted that the yellow appearance of the grain was not a 
reliable criterion of carotenoid content. For most of the commercial 
varieties there was a positive coiTelation between intensity of endo- 
sperm color and the amount of carotenoids present in the meal. 
Golden Bantam sweet corn was a conspicuous exception. This is a 
rich yellow sort, but it has the lowest carotenoid content of any of 
the yellow kinds that were compared. However, Argentine Y(^llow 
Flint, a very deep orange-yellow type, had a higher carotenoid value 
than the deep-yellow dent varieties Cornell 11 and Learning. Among 
the inbred lines there was no consistent relation between endosperm 
color and total carotenoids. A deep-yellow Dutton Flint inbred liad 
only about half as much total carotenoid as a medium-yellow inbred 
line of Luces Favorite, the values for the two lines being 0.0144 mg. 
and 0.0270 mg., respectively. One inbred line of Bloody Butcher had 
a rather low carotenoid content, wliile a second one had more than 
twice as much. The liighest carotenoid value that was obtained for 
any inbred line or commercial variety was that of a Cornell 11 inbred, 
wliich had 0.0639 mg. of carotenoid per gram of dry meal, as compnred 
with 0.0282 mg. for the commercial Cornell 1 1 variety from which it 
originated. However, the color of the endosperm was essentially the 
same in the inbred and in the parent variety. These results, demon- 
strating a lack of correspondence between carotenoid content and 
intensity of endosperm color, are in agreement witli the results 
recently reported by Johnson and Miller (S, 4 )- 

The commercial double-cross hybrid W29~3 and its parent lines 
were analyzed to determine the influence of hybridization on carote- 
noid content. In the production of this hybrid,^ the parent inbred 
lines were combined as follows: (W36-3 X W36- 4) X (W36 -2 X 
W36-1), the first-named line being the seed parent of each hybrid 
combination. Since the endosperm tissue in which the carotenoids 
of the kernel are localized is triploid and originates from the combina- 
tion of two sets of chromosomes and genes from the seed parent with 
one set from the pollen parent, the influence of the seed parent should 
be twice as great as that of the pollen parent in determining the 
carotenoid content of the hybrid, provided the genes affecting carote- 
noid content act in the cumulative manner described by Mangelsdorf 
and Fraps (8) for the yellow endosperm genes. The value for the 
single cross (W36-'2 X W36~"l), involving a white-endosperm type, 
Onondaga WMte Dent, and a medium-yellow type. Luces Favorite, is 
in close agreement with the expected value, being nearer that of the 
seed parent than that of the pollen parent. The other single cross 
(W36-3 X W36-4), which involved two deep-yellow endosperm types, 

7 WiQQANs, R. Q. Unpublished data. 
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Cornell 1 1 and Bloody Butcher (the yellow endosperm of this variety 
is obscured by the presence of red pericarp color), had more total 
carotenoids than the seed parent. This is of special interest since the 
seed parent, Cornell 11, had the highest value of any of the diploid 
types that were analyzed. The increase in the hybrid may have been 
due to the complementary action of additional genes for yellow con- 
tributed by the two parents. The plausibility of this explanation is 
strengthened by the recent discovery that yellow endosperm color in 
maize is dependent on the interaction of the dominant alJclomorphs of 
two or more genes (,9). The double-cross hybrid W29 3 had a some- 
what lower carotenoid content than the expected value. 

The extreme variation in the c.arotenoid content of inbred lines of 
yellow corn, including both the active provitamin A fraction and the 
inactive fraction, emphasizes the imjjortance of carotenoid determina- 
I ion to evaluate the feeding quality of these st rains and their hybrids. 
The carotenoid content of the Cornell 11 inbred line, which had the 
highest ca,rot(*noid value of the live yellow inbred lines that wen^ 
analyzed, was more than four times as great as that of the Dutton Flint 
inbred, which had the lowest value of these live lines. Since endosperm 
color is not a reliable criterion of carotenoid content, except within very 
broad limits, chemical analyses or biological tests with animals are 
necessary to determine at all a(*curately the carotenoid value of a given 
sample of yellow corn. Furthermore, the results oblained from tlie 
analyses of strains of white corn indicate that some of them, as for 
example. Diploid White, possess sulli(!ient provitamin A carotenoids 
to be detected by animal-assay experiments. However, the animal 
experiments that have been performed <S\ 14) have failed to 
demonstrate any signilicant vitamin A potency of white (‘orn. 

CELL-VOLUME RELATIONS 

Chromosome doubling ordinarily results in an increase in cell size 
commensurate with the increase in nuclear volume caused by the 
presence in the nucleus of the double number of chromosomes. Auto- 
polyploids of recent origin invariably have larger pollen grains and 
larger stomata than the forms with lower (Jiromosorne number from 
wliich they originated, but not so much is known about cell-volume 
relations in many other parts of the plant, as, for exami)le, in the 
endosperm. Since the endosperm of the corn kernel is a simple tissue 
made up of relatively homogeneous cell components, it is favorable 
material for a study of the influence of chromosome doubling on cell 
volume. 

At the present time very little is known about the influence of the 
changed conditions of cell volume and gene number per cell upon the 
action of specific genes following chromosome doubling. In diploid 
organisms certain genes exhibit differential quantitative action, while 
others do not, under conditions in which cell-volume relations remain 
relatively constant. In autotetraploids both cell size and gene number 
per cell are greater than in the parental diploid, thus creating changed 
conditions under which the action of the genes may differ from their 
known action in the diploid organisms. An investigation of cell- 
volume relations in diploid and tetraploid coni was undertaken to 
determine the extent to which the concentration of the genes for yellow 
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endosperm influenced the development of the character in question, 
i. e., the carotenoid content of the com meal. This could be accom- 
plished, since it was readily possible to determine cell volumes, and 
the degree of development of the character could be accurately de- 
termined by quantitative chemical and photometric analyses. 

Since there is a twofold increase in the number of genes per cell in 
the tetraploid as compared vrith the diploid, the same concentration 
of the genes per unit volume will be maintained in the tetraploid if 
the volume of the cells is also doubled. If cell volume is not doubled, 
the concentration of the genes per unit volume will be increased in the 
tetraploid; if cell volume is more than doubled, there will be a cor- 
responding decrease in gene concentration. 

Computations of endosperm cell volume were made from the tissue 
in the central region of the endosperm and from the peripheral 
(aleurone) layer of cells in the midabgerminal region of mature kernels 
that in size and shape were representative of tlie diploid and tetraploid 
strains. In the middle region of the endosperm the cells were irreg- 
ular in outline but isodiametric in longitudinal and cross sections. 
The relative volume of the cells in this region was computed by treat- 
ing the cells as spheres whose areas W'cre the areas of the cells in 
section view, areas being procured from planimeter measurements. 
The shape of the peripheral cells was essentially rectangular in both 
longitudinal and cross sections, their width when viewed in cross 
section of the kernel being somewhat less than their depth when 
viewed in longitudinal sections of the kernel. The volume of the 
aleurone cells was computed by multiplying together their three di- 
mensions procured from the cross and longitudinal sections. Photo- 
micrographs of representative regions of the endosperm from which 
cell measurements were taken are reprpduced in plates 1 and 2. 

For determining the mean cell volume in the two regions of the 
endosperm, five groups of six to eight contiguous cells were measured 
in each of four diploid and four tetraploid kernels selected as repre- 
sentative of the two strains. The values for cell volume obtained by 
this method of measuring all of the members of a given group of cells 
were somewhat lower than the true values, since the jilane of section 
ordinarily was not median for all of the cells measured. Thus the 
maximum dimensions of all of the cells were not procured. The 
values are relative, not absolute, and provide an adequate basis only 
for a comparison of volume relations m the two kinds of corn. The 
computations of cell volume are given in table 2, including the means 
for each kernel and the means for all of the measurements from the 
two regions of the diploid and tetraploid kernels, together with their 
standard errors. 

From the data presented in table 2 it is apparent that the endospenn 
cells in the tetraploid were very much larger than those of the diploid, 
the ratio of their v^olumes being essentially 3.6: 1 in both the periph- 
eral aleurone layer and in the central region. Tliis is a much greater 
increase than has been reported in other studies of cell-volume rela- 
tions following chromosome doubling. Nuclear volume in the same 
cells, as estimated from a limited number of measurements, was in 
the ratio of approximately 2.5 : 1, indicating that the ratio of chromo- 
some numbers was 2 : 1 as expected in the endosperm of the diploid 
and tetraploid kernels that were examined. 
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PhotomicroKraphs of the aleuroiic layer and adjacent tissues from kernels of 
(yl) diploid and {B) tetraploid corn taken at the same magnification. Longi- 
tudinal sections from the midabgerrninal region of tlie kernel: aZ, Aleurone; 
cn, endosperm; p, pericarp. X 2()0. 
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I^ABLE 2. — Comparisons of cell volume i in the endosperm of diploid and 
tetraploid corn 


Kernel No. 

Central region 

Aieurone layer 

2n 

4n 

2rt 

in 


Cubic milli- 

Cubic milli- 

Cubic milli- 

Cubic milli- 


meters 

meters 

meters 

meters 


{ 176, 478 

645, 068 

6, 156 

18, 380 


1G3, 051 

708, 896 

6,380 

20, 950 

1 -..., . 

\ 153, 710 

549, 181 

6, 730 

15,7(K) 


170, 673 

418, 469 

5,085 

19. 660 


[ 163. 051 

755, 536 

4, 655 

17, 420 

Mean 

165, 193 

615,430 

5,001 

18, 422 


f 157, 960 

448, 943 

4,245 

21, 160 


148, 036 

410, 405 

6,116 

20, 670 

2 ... 

{ 145, 132 

349,585 

4,490 

22, 600 


1.38, 685 

413,081 

5, 360 

23, 740 


1 180, 374 

571, 698 

6,730 

31,280 

Mean ... 

154,037 

438,742 

5,188 

23, 890 


( 119,560 

469, 084 

6,360 

18, 080 


118,036 

397, 197 

.5, 970 

19,290 

3 

\ 141,118 

38(>, 8:13 

7,120 

20, 820 


126, 108 

693, 150 

6,400 

21,310 


1 188, 455 

575, 773 

6,365 

23, 800 

Mean 

138, 655 

504, 407 

6, 443 

20,660 


f 143, 285 

610, 112 

4,870 

^,240 


127, 342 

660,238 

4,465 

18, no 

4. ... 

\ 152, 216 

490, 720 

6,020 

17,260 


137,910 

701, 160 

5, 250 

19,060 


1 128,782 

530, 272 

5,830 

20, 750 

M eaii . . . 

187,907 

578, .'MX) 

5, 287 

19,284 

Mean of all measurements 

148,948 

634, 269 

5, 630 

20, 56:1 


±4, 627 

i26, 860 

±179 

±7:i9 

'^atio - 

1 : 3.58 

1 : 3.65 


V'oliiiijos were computed in cubic millimeters from measurements procured at a magnifleation of 630 
MOters. 


Although tlie individual cells of the tctra])loid contained twice as 
many genes as did the cells of the diploid, the number of genes per 
unit volume was actually less in the endosperm of tlie tetraploid than 
in the diploid, owing to the pronounced increase in the volume of the 
cells of the tetraploid. Conversely, since the reduction in gene 
number per unit volume in the tetraploid was associated with a 
marked increase in carotenoid content per unit volume there was a 
very significant increase in the amount of carotenoid per gene elabo- 
rated by the tetraploid, and a still greater increase in the amount of 
carotenoid per cell. These proportional differences between the 
endosperm of the diploid and tetraploid strains are shown in table 3. 


'able 3 . — Proportional differences between the endosperm of diploid and tetraploid 

strains of yellov) corn 


em 

Diploid 

Tetraploid 

Item 

Diploid 

Tetraploid 


1 

3.6 

Oenes per unit volume 

1 

0. 55 

unit volume 

1 

1.4 

Carotenoid per cell 

1 

[ S 


1 

2 

Carotenoid per gene 

1 

2.5 
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The disproportionate increase in the size of the endosperm cells of the 
tetraploid, which were 3.7 times as large as those of the diploid, may 
have been dne to their liexaploid constitution with which was asso- 
ciated a retarded nuclear and cell-division activity and a compensating 
increase in cell enlargrnent. Evidence in support of this view is fur- 
nished by octaploid com plants, which invariably are much reduced 
in stature and have cells that are relatively very large and few in num- 
ber. However, the kernels of the tetraploid were 50 percent larger 
than those of the diploid, and this increase was roughly proportional 
for the constituent parts of the kernel, including the endosperm, em- 
bryo, and pericarp. It is not known to what extent the increased size 
of the hexaploid endosperm was conditioned by the influence of other 
parts of the kernel that were tetraploid in cliromosomal constitution. 

The fact that in tlie tetraploid there was more than a twofold in- 
crease in the amount of carotenoid per gene could be interpreted to 
mean that a doubling of the number of genes per cell more than doubles 
the efFiciency of each gene. But it might be argued that the endosperm 
is primarily a storage tissue and that the amount of carotenoid which 
it contains is conditioned by relationships existing in other tissues of 
the plant where carotenoids are being synthesized. For example, the 
leaf tissue contains api)reciablc amounts of tlve same carotenoids that 
are present in the endosperm and it is conceivable that the endosperm 
serves merely as a storage organ for a portion of the carotenoids syn- 
thesized by the leaves. However, it was shown l)y Johnson and Miller 
(S) that the amount of carotenoid in the leaf tissue of white- and yellow- 
endosperm sister lines was essentially the same, but the endosperm of 
the white lines contained very small amoiuits of carotenoid. Tlieir 
work also substantiated the earlier results of Mangelsdorf and Fraps 
{8) to the effect that there is a positive (correlation between the number 
of dominant genes for yellow and the amount of carotenoids in the 
endosperm of ordinary diploid com. Thus it appears that the carot- 
enoid content of the endosperm tissue is determined by the number of 
dominant genes for yellow endosperm present in the tissue rather than 
by conditions existing elsewhere in the plant; furtlucrmore, from tluc 
results of the present investigation it may be concluded that the 
number of genes per cell unit is of more importance than the number 
of genes per unit volume in determining the amount of carotenoids 
present in the endosperm. 


DISCUSSION 

The results reported here have demonstrated a percentage increase 
following chromosome doubling in the carotenoids of yellow corn, and 
a percentage decrease in the carotenoids of white com. Obviously, 
when there is a percentage increase in some of the substances in tlie 
corn kernel there must be a corresponding percentage decrease in other 
components, and vice versa. The effect of chromosome doubling on 
the relative amounts of other important constituents of the corn 
kernel, such as carbohydrates, proteins, and fat, was not determined 
in this investigation. 

The percentage increase in the carotenoid content of the tetraploid 
yellow com is interpreted as being due to a cumulative action of the 
dominant genes for yellow endosperm color. Since these dominant 
genes were not present in the white com in an effective combination to 
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produce well-developed endosperm color, cumulative action was lack- 
ing in the tetraploid white corn and there was a resultant percentage 
decrease in carotenoids. 

Tliese results suggest that there are two ciitegoiies of gene action in 
autotetraploids: (1) Cumulative gene action, whicli yields percentage 
increases and accounts for the distinctive traits of autotetraploids 
other than those that may be attributed directly to the presence of an 
increased number of cliromosome sets, and (2) noncumiilative gene 
a(*-tion, which yields percentage decreases when the percentages of 
other (constituents are increased. The significance of this classification 
can be understood better in the case of corn carotenoids if the (quantity 
of i)igment is expressed in amount j)er cell ratlmr than in percentage. 
In the tetraploid yellow corn, iming to cumulative g(me action, there 
was a fivefold increase in the amount of carotenoids per (cell. In the 
tetraploid white corn, if it is assumed that the cell-volume relations in 
tlie diploid and tetraploid were the same as in tlie yellow corn, there 
was an increase in the amount of carotenoid per cell as a result of 
chromosome doubling; but this increase was very much less than in 
the yellow com, owing to the absence of cumulative gene action. 
Further study of the differences that distingiiisli chromosome-doubled 
strains from their parent strains is needed, based on analyses of 
individual traits which may or may not be conditioned by cumulative 
gene action. 

The relative importance of autotetraploids as horticultural and croj) 
plants will be detcermined by ilie extent to which desirable traits are 
accemtuated or produced by chromosome doubling without accentua- 
ting or producing undesirable traits. In terms of gene action, this 
means that chromosome-doubled strains of cultivated plants may 
have increased value if their desirable traits are controlled by genes 
that function in a cumulative manner to yield significant percentage 
increases like those reported here for the carotenoids of yellow corn. 
Tlie fact tliat most of the more important crop jilants are polyploids 
suggests that cumula tive gene action has been an im])ortant determin- 
ing factor in the evolution of cultivated plants. 

SUMMARY AND CONCLUSIONS 

Doubling the number of chromosomes in pure yellow corn caused a 
40-percent increase in the ('ontent of carotenoid pigment. 

The active provitamin A fraction of the carotenoids, irududing 
beta-carotene and cry ptoxan thin, was increased in the tetraploid 
yellow corn approximately in proportion to the increase in total 
carotenoid pigment. 

The volume of the endosperm cells of the tetraploid was approxi- 
mately 3.6 times the volume of the endosperm cells of the diploid. 

The increase in the cell volume and the carotenoid content of the 
endosperm in the tetraploid yellow coni resulted in a fivefold increase 
in the amount of carotenoid per cell. 

The genes for yellow endosperm exerted a cumulative action follow- 
ing chromosome doubling. In the individual endosperm cells of the 
tetraploid the amount of carotenoid elaborated per gene was 2.5 times 
as great as in the individual cells of the diploid, even though there was 
a greater concentration of genes per unit volume in the diploid than 
in the tetraploid. 
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Doubling the number of chromos()mes in white com decreased the 
carotenoid content 19 percent. With respect to carotenoid content 
there was no cumulative gene action in the white corn. 

The carotenoid content varied widely among different commercial 
varieties, inbred strains, and hybrids oi ordinary diploid yellow corn. 
The inbred line with the highest carotenoid content hacl more than 
four times as much carotenoid as the line with the lowest carotenoid 
content. 

The yellow appearance of the kernel was not a reliable criterion of 
carotenoid content. 
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THE EFFECT OF ADDING BLACKSTRAP MOLASSES TO 
A LAMB-FATTENING RATION ‘ 

By H. M. HiiiGGs, assistant animal husbandman^ and V. G. Heller, heady Depart- 
ment of Agricultural Chemistry Research y Oklahoma Agricultural Experiment 

Station 

INTRODUCTION 

Considerable interest was manifested in the substitution of black- 
strap inolnsses for a part, or all, of the "rain in livestock rations during 
the drought years of 1934 and 1936. iVTiin ^ used molasses with corn 
and oats in fattening hogs and found that oats and molasses had a 
comparatively high value as compared with corn and molasses. 
Thompson and Hillier ^ experienced similar results in feeding swine 
on rations containing ample protein. Blizzard and Taylor ^ likewise 
found that oats and molasses made a more valuable ration for fattening 
steer calves than did corn and molasses when both rations were proper- 
ly supf)lemented with cottonseed meal. 

These results suggest that possibly oats and molasses supplement 
each other in the ration to a better advantage than corn and molasses. 
Forbes, Braman, et al. (f)) have pointed out that the feeding value of 
a feed may vaiy widely depending upon the (‘ombination in which it is 
fed. 

Patterson and Cutwater (12) studied the influence of blackstrap 
molasses in a steer ration and reported that the molasses increased 
not only the palatability but also the digestibility of the ration. 
Lindsey and Smith (9) could not confirm these conclusions in a diges- 
tion trial with mature sheep and concluded that the digestion of all 
nutrients except fat was hindered when appreciable amounts of black- 
strap molasses were included in the ration. 

Snell {10) investigated the effect of molasses on the digestibility of 
steer rations. lie used three yearling steers in each of two trials and 
found that various levels of molasses did not consistently alter the 
digestion of the nutrients in an ordinary steer ration consisting of 
corn, cottonseed meal, «nd grass hay. 

A series of digestion trials was designed with lambs to find whether 
the addition of large amounts of molasses to an ordinary lamb-fatten- 
ing ration would decrease the digestibility of the nutrients in the 
ration. The results of these trials are reported in this paper. 

PROCEDURE 

Four wether lambs were used in each of 3 separate trials, a total of 
12 lambs being used in the study. All of the lambs were crossbred. 
One parent of each was a purebred Kambouillet and the other a 
purebred of either the Hampshire, Shropshire, or Southdown breeds. 
The lambs were all selected from the college flock and were thrifty, 
and hearty eaters. Each lamb of the 3 groups weighed approximately 

> Received for publication July 26, 1939. 
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80 pounds at the start of the 3 trials, and all lambs gained during the 
experimental period. 

The lambs were each fed test rations for a 10-day preliminary 
period and then placed in metabolism cages for a 10-day collection 
period. The cages were similar to those described by Forbes (4). 
The lanibs ate readily after they became accustomed to the cages. 
The lambs usually gained slightly while in the cages on collection, but 
did not gain as much as they did in the pens during the preliminary 
periods. 

The procedure used was the same as that previously reported by 
Briggs (r^). Each lamb was fed the daily rations given in table i. 
The feeds were carefully weighed on a scale sensitive to 0.1 gm. 
Each himb was fed in an open bucket while in the ])reliminary ])en, 
but in a specially constructed feeder while in the cage. The lambs 
were fed at approximately the same time each morning and evening 
and received one-half the daily ration at eacli feeding. 

The corn and oats were fe<l wliole while the alfalfa hay was ground 
in a hammer-mill and forced tlirough a J^-inch-mesh screen. The 
blackstrap molasses was weighed, diluted with wat(>r, and used to 
moisten the ration. The entire ration was thoio uglily mixed before 
feeding. 

Feces (‘ollections were made each morning at the saiiu^ hour. Each 
day^s collection was dried separately for 24 hours over an electric 
heater. The collection was then weighed and sealed. At tlie close 
of the lO-day collection period the dry feces were placed in a large 
container, thoroughly mixed, and representative samples were taken 
for chemical analysis. 


Table 1. — Quantitative composition (grams) of the daily rations used in digestion 

trials with lambs 


1 

ConiponoTit 

RatioTi— 

A 

B 

C 

D 

Corn (yellow) . _ 

460 

230 




460 

230 

Alfolfa hay • 

454 

4.54 

454 

454 

Blackstrap molasses - - 

230 

1 230 


1 



The feeds given to lambs la, 2a, 3a, and 4a during the first digestion 
trial are shown in table 2. The trial was coiulucted during the 
interval from May 10 to August 26, 1937. The feeds used were 
representative of those produced during the dry growing season of 
1936. Perhaps the extreme drought during the growing season caused 
the com to be below normal in fat content. This analysis was 
checked and rechecked. In all other respects the feeds seemed to 
be normal in chemical composition. The market grades of the feeds 
used are also shown in table 2. The feeds used in the second trial 
were grown during the more normal reason of 1937. The composition 
and grade of these feeds are given in table 2 and they were consumed 
by lambs lb, 2b, 3b, and 4b. Lambs Ic, 2c, 3c, and 4c were used in 
the third trial and were fed the feeds listed, with their chemical com- 
position and grade, in table 2. These feeds were grown during the 
season of 1938. The market grades of the feeds used in these studies 
were secured through the courtesy of the Bureau of Agricultural 
Economics, United States Department of Agriculture. 
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RESULTS 

Tnblc 3 presents the apparent (li«:cstion coeflicients secured in each 
trial. Eacli of the 12 lambs was fed consecutively on each of the 4 
rations studied. 


'rABLE 2. — Percentage composition arul commercial grade of feeds used in three 

digestion trials with lambs 


TlUAL 1, MAY 10 TO ACCH'ST 20, 19:17 


Food 

! Wator 

1 

I’rolein 

Fat 

Crude 

fih(*r 

Ash 

Nitrocen- 

fr(‘<‘ 

oxtrict 

Orado 

Com „ 

14. 01 

9.90 

1. 91 

2. 21 

1. 55 

70. 42 

J No. 5 

Oats 

9. 00 

11.71 

3. 74 

10. 24 

3.92 

00. 73 

No. 2 

Alfalfa hay. 

10.31 

15. 14 

.89 

20. 04 

7. 87 

39. 15 

No. 2 

Molassas . 

29. 10 

2. 40 



8.35 

00. 15 









TIUAT. 2, FEBRUARY 25 TO JUNE 14, 1938 


Corn . .. 

i:i.89 

9.89 j 

3. 19 

2.14 

1. 29 

09. (iO 

No. 2 

Oats 

10.75 

i:i.88 1 

3. 30 

10. 24 

3.:io 

68. 29 

Nm. 2 

Alfalfa hay . , ... 

11.25 

13.98 

.89 

27. 57 

7.73 

38.58 

No. 2 

Molasses ... 

31.72 

2.00 j 



9.40 

50.88 

1 






TRIAL 3. JANIWRY 10 TO ABRIL 14, 1039 


Corn. J 

12.29 

10. 17 

3.01 

1. 94 

1.00 

70.93 

No. 2 

Oats . .. 

9.49 

12. 38 

4.40 

I 14.38 

3. 02 

55. 07 

No. 2 

Alfalfa hay . . . .. 

5.99 

14.75 

2.95 j 

25. 50 

(>. 93 

43. 88 

No. 2 

Molasses.. 

35.40 

1.02 



9. 22 

53. 70 









' Exci'ss of slirunkon kernels. 


Table 3.- Ejfect of hlackstrap molasses on the apparent digcstihility (percent) of 

lamb rations 



Protein digestion 
eoeflicieut for ration — 

i 

1 Fat digestion coef- 
ficient for ration — 

Crude fiber digestion 
coeflieieiit for ration — 

N itrogen-free extract 
digestion coeffi- 
cient for ration— 

Lamb No. 

A, corn, alfalfa 

B, corn, alfalfa, molasses 

C, oats, alfalfa 

1 

,2 

*0 

a 

*3 

§ 

Q 

*2 

’e? 

B, com, alfalfa, molasses 

C, oats, alfalfa 

D, oats, alfalfa, molasses 

A, corn, alfalfa 

B, com, alfalfa, molasses 

C, oats, alfalfa 

D, oats, alfalfa, molasses 

A, com, alfalfa 

B, com, alfalfa, molasses 

3 

"a 

tn 

■fe 

0 

0 

0 

1 
'0 

a 

a 

m 

0 

Q 

la .. 

77.2 

65.8 

73.7 

69. 1 

34.6 

18. 5 

62. 0 

34.9 

42. 6 

41. 1 

50.5 

39. 6 

87.1 

84.7 

78.1 

80.8 

2a 

73.0 

73.4 

74.7 

63. 5 

35.4 

21 . 9 ! 

57.0 

47.5 

52. 5 

29.6 

50.4 

39.1 

85.1 

, 88.3 

80.2 

1 79.9 

3a 

77.0 

70.7 

74. 5 

71.2 

63. 0 

16.6 

64.4 

24.5 

38.4 

:17.2 

54.1 

.5‘».2 

86. 6 

85.6 

79.7 

78.4 

4a 

78.9 

72. 0 

77.8 

07.7 

65. 8 

20.0 

76.0 

37.9 

51. 1 

41.9 

46.1 

40.0 

86.2 

86.0 

81.8 

81. 1 

Average 

76.5 

70. 5 

75.2 

67.9 

44.8 

19.2 

65. 0 

36.2 

46.1 

:i7.4 

60.3 

4 : 1. 0 

86.2 

86.1 

79.9 

80.0 

lb 

06.0 

63.0 

73. 1 

67.1 

49.0 

27. 0 

64.4 

45.0 

40.0 

45.9 

52.1 

4.5. 7 

83. 6 

82.2 

80.0 

77.0 

2b. 

65. 8 

67.9 

75. 4 

72.2 

68.7 

23.5 

0 : 1.8 

5 : 1.3 

51.0 

51. 3 

66.4 

48.2 

83.2 

70. 6 

76. 0 

76.2 

3b 

67.5 

60.4 

75.4 

68.7 

48. 7 

45.6 

62.9 

37.1 

46.4 

43. 5 

54.3 

48.7 

84.3 

81.9 

78.3 

74. 5 

4b 

66.1 

63.9 

76.3 

71.3 

46.2 

24.7 

68.9 

54.7 

40.6 

62.9 

57. 8 

51.3 

82.9 

81.3 

79.0 

78.0 

Average 

66.3 

63.8 

75.0 

69.8 

50. 6 

30.2 

65. 0 

47. 5 

46.0 

48.4 

55.1 

48.5 

83.5 

79.0 

78.3 

76.4 

Ic 

63. 3 

55.8 

65.8 

69.2 

71.2 

60. 0 

06. 0 

74.6 

33. 2 

36.4 

47.6 

52.9 

84.6 

84.9 

79.2 

8 : 1.7 

2e .. 

64.2 

01.4 

69.3 

63. 1 

68.3 

60.7 

80.5 

65.7 

:io.5 

25. 2 

45.1 

[ 43.7 

86.5 

1 83.8 

76.4 

83. 6 

3c-.-- 

62.5 

54. 3 

63.4 

64.9 

76.6 

66.8 

71. 5 

72. 6 

33.9 

45. 6 

43.9 

;i9.6 

8:1.5 

86.6 

79.8 

82.2 

4c 

62.8 

68.0 

66.2 

62.1 

66.3 

61.5 

81.2 

68.1 

38.6 

37.3 

45.5 

42.6 

86. 5 

85.9 

76.2 

80.7 

Average 

63.2 

69.9 

66. 2 

64.8 

70. 6 

62.0 

74.8 

70.2 

34. 0 

36.1 

45.5 

44.7 

85.0 

85.3 

77.9 

82.5 

Average coef- 
ficient (3 
trials) 

68.7 

64.7 

72.1 

67.5 

55.4 

37.1 

68.3 

51.3 

42.1 

40.7 

.50. 3 

45.4 

84.9 

8:i.6 

78.7 

79.7 
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DISCUSSION 

The data presented in table 3 were analyzed by the method pre- 
sented by Snedecor (15), The digestion coefficients of each nutrient 
were studied separately. Since the 12 lambs had been studied in 3 
different periods, with different feeds, considerable difference existed 
among the coefficients of the separate periods. The difference 
between periods was highly significant in the case of protein, fat, and 
fiber coefficients, and it was therefore necessary to remove the varia- 
tion between periods in the analysis of these data. 

THE EFFECT OF BLACKSTRAP MOLASSES ON PROTEIN DIGESTION 

The apparent digestion coefficients of the protein in the rations are 
shown in table 3. During the three trials, the replacement of one- 
half the corn ration for an equal weight of molasses lowered the 
coefficient of digestibility of protein in a corn-alfalfa hay ration 4 
percent. 

This difference did not prove to be significant when the effect of 
the periods was removed. In each separate trial, the digestibility of 
the ration had been lowered by molasses, but considerable difference 
existed in the digestion efficiency among the periods. This discrep- 
ancy was highly significant. 

The digestibility of the protein in the oats-alfalfa ration did not 
vaiy much between periods. In two of the three trials, the average 
coefficient was considerably lower when blackstrap molasses was 
included in the ration while there was less decrease in the third trial. 
Lambs Ic and 3c gave slightly higher coefficients when the con(*entrates 
consisted of one-half blackstrap molasses. The average apparent 
digestion coefficient of protein was lowered 4.0 percent, and tlie 
difference was highly significant. 

In a digestion study with daily cows Williams (17) found that tlie 
addition of blackstrap molasses to the ration had a variable effect on 
digestion coefficients, but that in general the addition of the molasses 
lowered the digestion coefficient of protein. An analysis of the digesti- 
bility of protein of the basal rations showed no significant difference. 
However, most of the lambs digested a slightly higher percentage of 
the protein from the oats-alfalfa ration than they did from the corn- 
alfalfa ration. This finding is in agreement with that of Morrison 
(10) who gives oats as having a slightly higher digestion coefficient for 
protein than corn. 

THE EFFECT OF BLACKSTRAP MOLASSES ON FAT DIGESTION 

A substitution of blackstrap molasses for one-half of the grain in a 
lamb ration decidedly lowered the digestibility of the fat in the ration. 
The coefficient of apparent digestibility of fat of a corn-alfalfa hay 
ration averaged 55.4 percent for the 3 trials. When one-half of the 
corn was replaced by an equal weight of molasses the coefficient 
dropped to 37.1 percent or a difference of 18.3 percent. This decrease 
was highly significant. In each of the 12 lambs studied the addition 
of molasses decreased the digestibility of the fat in the ration. The 
fat in the rations proved to be more digestible in each succeeding 
trial. This may have been due to the efficiency of the lambs, but 
probably was the result of the varying character of the feeds. 
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In a similar inamier the replacement of one-half the oats in an oats- 
alfalfa Iniy ration with an equal weight of molasses decreased the 
digestibility of the fat in the ration of 10 of the 12 lambs. Lambs Ic 
and 3c in the third trial digested the fat in the ration more efficiently 
when molasses was present. Notwithstanding, the average of the 12 
lambs gave the oats-alfalfa ration a fat digestion coefficient of 68.3 
percent as contrasted with 51.3 percent when molasses was added to 
the ration. This difference was highly significant. 

Perkins and Monroe {IS) noted a depression in the digestion coeffi- 
cients of the nutrients in a daiiy-cow ration when blackstrap molasses 
was included. The digestion coefficient of fat was lowered more than 
that of the other nutrients in the low protein rations which they used. 

Morrison ilO) gives the fat digestion coefficient of corn as slightly 
higher than that of oats. The corn used in this study had an average 
fat content of 2.90 percent, and the oats an average fat content of 3.83 
percent. The alfalfa contained an average fat content of 1 .58 percent. 
The lambs gave 12.9 percent higher fat digestion coefficients for the 
oats-alfalfa hay ration than for the corn-alfalfa hay ration. This 
difference proved to be highly significant. A difference in digestion 
coefficients of only 1.4 percent would be anti(‘jpated in favor of the 
oats-alfalfa hay ration from using the digestion coefficients of Morri- 
son in calculating the expected efficiency with which lambs would 
handle each ration. Oats are higher in fat than corn; and if the fat 
is also more completely digested in certain lamb-ration combinations, 
it raises the total digestible nutrients or energy value of a ration above 
that anticipated. This may in part explain the higher regard that 
practical shepherds have for the fattening value of oats as compared 
with the total digestible nutrient value (‘ommonly assigned them. 

THE EFFECT OF BLACKSTRAP MOLASSES ON CRUDE FIBER DIGESTION 

Sheep and other herbivorae consume large amounts of (Tude fiber 
in their rations. It is therefore important to know what effect ration 
variations may have on the digestion of this nutrient. The addition 
of molasses slightly lowered the digestibility of the fiber in both the 
corn-alfalfa hay ration and in the oats-alfalfa hay ration. However, 
neither of these diffenuices was significant. 

The lambs digested the fiber in the oats-alfalfa hay ration to a 
greater extent than that in the corn-alfalfa hay ration. I^his difference 
proved to be highly significant. This is perhaps another factor in 
favor of oats as compared with corn as a feed for sheep. The effect 
of a feed upon the digestibility of a ration is no doubt more important 
than the way the single feed is digested when fed alone or in combina- 
tion with certain other feeds. 

THE EFFECT OF BLACKSTRAP MOLASSES ON NITROGEN-FREE-EXTRACT DIGESTION 

The nature of the computation of the nitrogen-free-ex tract content 
of a feed or feces makes it rather an unsatisfactory value' to study in 
digestion trials. It would seem logical that an increase in the sugar 
content of a ration would raise the nitrogen -free-extract digestion 
coefficients. A substitution of blackstrap molasses for one-half the 
grain in the rations of lambs had no material effect on the nitrogen- 
free-extract digestion of the ration. 

In the third trial all four lambs showed a highly significant increase 
in the digestion of nitrogen-free extract when molasses was added to 
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an oats-alfalfa hay ration. This same addition caused no increase in 
the same ration in the other two trials, but showed a slight decrease 
in the second trial. In no case did the addition of molasses make a 
significant alteration of the nitrogen-free-ex tract digestion of a corn- 
alfalfa hay ration. 

The lambs ate all four of the rations with relish and changed readily 
from the nonmolasses to the molasses rations and vice versa. The 
lambs were fed less than a full feed so that their appetites were 
always keen, and the feed was cleaned up regularly. Iluring each 
experimental period the lambs gained steadily in weight and seemed to 
store some fat on their bodies. 

Arnisby {1) referred to a condition of ^'depression of digestibility’’ 
in rations that contain an excess of carbohydrates as compared with 
protein in a ration. Schneider and Ellenberger U4) encountered a 
depression of 4.0 it 0.9 x)ercent in the digestibility of fat in a dairy-cow 
ration low in protein as compared with one high in protein. The 
energy levels were approximately the same in both rations. Hold- 
away and co workers (6*, 7) observed that unless adequate x)rotein was 
present in a ration additions of apple pomace lowered the digestibility 
of the nutrients. Adding corn to a mixed-hay ration lowered the diges- 
tion coefficients of the protein, if a protein supplement was not used. 
The digestibility of the other nutrients was not materially changed by 
the addition of corn to the hay ration. 

The nutritive ratios of the different rations used in this study 
varied, but all were as narrow as those suggested by Morrison {10) 
for the weight of lambs used. The computed nutritive ratio of the 
widest ration used was 1:7.24; Morrison’s digestion coefficients were 
used in making these calculations. The lambs weighed an average 
of about 80 x)ounds each at the start of the experiments, and the aver- 
age weight for the trial was approximately 90 pounds. It would not 
appear that the lambs used in this study were lacking in protein in 
view of modern feeding standards. 

Nakamura {tl) has shown that the administration of calcium lactate 
resulted in an increased excretion of fat and fatty acids in the feces of 
dogs. Likewise, Irwin, Weber, and Steenbock {8) have shown that 
large amounts of calcium and potassium chlorides will decrease the 
digestion of fat in the ration of the rat. Molasses is high in both cal- 
cium and potassium salts. It is therefore probable that the laxative 
effect of molasses experienced by the lambs while on the ration to 
which molasses was added lowered the digestion of fat and other 
nutrients. 

It is possible that concentrated amounts of sugar in the rumen 
might interfere with normal functions in that organ. This considera- 
tion is probably not important as fiber digestion was not materially 
influenced, but the digestion of protein and fat nutrients, usually 
credited to the lower parts of the alimentary canal, was noticeably 
affected. 

The large amounts of molasses fed in this trial are in excess of those 
that would likely be fed in common practice except in cases where 
molasses might be considerably cheaper than other concentrates. 

SUMMARY 

In a series of digestion trials the inclusion of large amounts of black- 
strap molasses lowered the digestibility of certain nutrients in a lamb 
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ration. Four lambs were used in each of three separate digestion 
trials. The lambs were placed on each ration for a preliminary period 
of 10 days. They were then placed in a metabolism cage and the 
feces recovered for a like period. 

The substitution of 230 gm. of molasses for the same amount of 
corn in a corn-alfalfa- hay ration lowered the digestion coefficients of 
crude protein, but the decrease was not signifi(^ant. The (ligestibility 
of fat was lowered 18.3 percent which was highly significant. The 
average crude-fiber and jutrogen-free-extract coefficients were lowered 
veiy slightly but not in significant amounts. 

I'lie replacement of 230 gm. of oats with molasses in an oats-alfalfa 
hay ration lowered the digestion of protein the liighly significant 
amount of 4.() percent. The digestibility of fat was decreased 17 
percent, a highly significant amount. When the three trials are (‘on- 
sidered together, the changes in the digestihility of fibc'r and niti-ogen- 
free-extract are not significant. In the third trial the addition of mo- 
lasses to the oats-alfalfa hay ration did increase, to a highly significant 
extent, the digestibility of th(» nitrogen-free-ex tract of the ration. 

The la-inbs used in the study digested the fat and fiber in an oats- 
alfalfa hay ration more completely than the smaller amounts of fat and 
fiber in a corn-alfalfa hay I’ation. The difi‘eren(*e was highly signifi- 
cant. 
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A ROT ~0F WINTER QUEEN WATERMELONS CAUSED BY 

PHYTOPHTHORA CAPSICP ' T v 

15y James S. Wian'p, associate pathologist^ Divisum of Fruit and Vegetable (Ihips 
and Diseases, Bureau of Plant Industry, United States Department of Agricul- 
ture, and C. M. Tuckek, plant pathologist, Missouri Agricultural Experimeyit 
Station 

INTRODUCTION 

Winter Queen watermelons,^ known also as winter watermelons, 
are found on the New York market during September and October. 
In limited quantities they meet the demand for a late-season water- 
melon, while many of smaller size are pickled whole and eaten as a 
delicacy by certain groups. 

The annual unloads of Winter Queen watermelons on the New 
York market, from 1928, the iirst year that separate records were 
kept, to J9»18, in(*lnsive, were as follows:^ 

Year: Carlmdx 

J92S 18 

1929 _ - 11 

1930 _ . 28 

3931 - 30 

1932 - .. . 29 

1933 27 

1934 . 14 

1935 ^ JO 

1930 7 

1937-- 3 

1938 4 

It will be seen that unloads increased from 13 carloads in 1928 to 
a peak of 36 in 1931 but thereafter decreased markedly so that by 
1937 only 3 carloads were handled, and in 1938, 4 carloads. Although 
few in number during 1937 and 1938, the melons arrived in good con- 
dition, were well received by the trade, and brought encouraging 
returns on the market. It appears reasonable to expect that annual 
unloads will increase substantially over the low point reached in 1937 
and 1938. 

In September 1935 a carload of Winter Queens arrived at New 
York City with approximately 80 percent of the melons affected with 
a phytophthora rot. Although a field and local market decay of 
Iowa Belle watermelons, caused by a species of Phytophthora, had 
been reported from Arizona {2),"^ tliis was the first record of a phytoph- 
thora rot of Winter Queen melons. The seriousness of the decay when 

> Received for put)li(»tion January 25, 1939. CooiRcrativc investigation by the Division of Fruit and 
Vegetable Crops and Diseases, Bureau of Plant Indastry, U. S. Department of Agriculture, and the Mis* 
Bourl Agricultural Experiment Station. 

> The Winter Queen is a variety of watermelon {CUrtUlus vulgaris Schrad.) that is thought to have been 
introduced into this country by immigrants from the Volga region of the Union of Soviet Socialist Republics. 
The fruits are small, nearly round, approximately 9 to inches in diameter, and weigh about 10 to 16 
pounds. Although a few melons of large size (11 to 12 inches in diameter) are packed for the market, most 
are of t^e smaller sizes, many being about 6 inches in diameter. The rind is greenish to light cream in color 
with faint irregular stripes of light green. The pulp is bright red, stringloss, of fine texture, firm, and sweet. 
The seeds are small and black. The melon is grown in the cantaloup- and Honey Dew melon-producing sec- 
tion of Colorado, packed in flat cr^s similar to those used for Honey -Dew melons, and shipped to the 
market in refrigerator cars without ice, either under standard ventilation or with vents open, to (iostination. 

> Data taken from the annual reports of the unloads of fruits and vegetables at New York City, issued in 
mimeo^aphed form by the Bureau of Agricultural Economics, U. S. Department of Agriculture. 

* Italic numbers in parentheses refer to Literature Cited, p. 88. 
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first observed on the market suggested the advisability of learning 
more about its occurrence and economic importance. Periodic exam- 
inations were therefore made of these melons on the unloading and 
sales pier at New York during the remainder of the 1935 season as 
well as during the following three seasons. A study was likewise 
made of the identity and pathogenicity of the species of Phytophthora 
involved, the manner of infection of the melons, the spread of the 
disease from melon to melon within the container, and the tempera- 
ture relations of the pathogen and of the disease. The present paper 
summarizes the results of these studies, made over a period of four 
marketing seasons, and makes available such information as has been 
obtained regarding the control of the disease. 

REVIEW OF LITERATURE 

Sherbakofl (113) in 1917 produced a decay of watermelon fruits by 
artificial inoculation with I^hytojMhora parasUim^ Dastiir.^ 

A decay of watermelon fruits caused by Phytophthora citrophthora 
(E. H. and R. E. Smit.li) Leon., was reported from C^ilifornia (4) in 
1929. Squash and pumpkin fruits were likewise found infected. 

Brown and Evans (i?) in 1933 described a fruit rot. of Iowa Belle 
watermelons that was res|)onsible for the loss of 40 to 50 percefit. of 
t he crop in a 1 0-acre field near M arana , Ariz. The pa t hogen, Phytoph- 
thora cactorum ((/ohn and Ijch.) Schroetu, was found (aij)able, through 
artificial inoculation, of causing a. similar decay of cucumber fruits. 

Ramsey, Wiant, and Link (10, p. 62)^ in 1938 made brief mention 
of the decay of Winter Queen watermelons described in the present 
paper. 

Refmrts of phytophthora rots of other cucurbit fruits include the 
following: 

Curzi (5) produced a decay^ of the fruits of squash and tliose of 
Bryonia dioica Jacq. by artificial inoculation with Ph/j/tophthora capsid 
Leon.® 

Drechsler ((>) isolated a species of Phytophthora with prominently 
papillate sporangia from a Honey Dew melon found on the Washing- 
ton, D. C., market after shipment from either California, or (kilorado. 
He produced a similar decay by artificial inoculation with /^ cactorum^ 
P. citrophthora, and P, parasitica, 

Tompkins et al. (f 4) successfully inoculated watermelon and citron 
fruits with Phytophthora drechsleri Tucker from sugar-beet roots. 
The fungus was found capable of infecting fruits of summer squash 
through the unbroken skin as well as through wounds. 

Tompkins and Tucker (15) described a field decay of Honey Dew 
melons in California, caused by Phytophthora capsid. The disease 
was transmitted by artificial inoculation to fruits of cucumber, pump- 
kin, squash, Klondike watermelons, and a number of types of musk- 
melon including cantaloups and Casaba, Honey Ball, Honey Dew, 
and Persian melons. P, drechsleri was involved to a slight extent. 
These authors (16) also found that fruits of pumpkin, watermelon, 

‘ Described by Sherbakoff as a now species, under the name P. terrestria, (corrected to terrestm) but 
considered by Butler (S) and other students of the genus to be identical with P. parasitica. 

« Described by Curzi as a new si)ocics, P, hydrophita, but considered by Tucker (/7) to be identical with 
P.ca «ici. 
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and cucumber could be successfully inoculated through the unbroken 
skin with P. cryptogea Pethybr. and Laff. from China-aster. 

Wiant (IS) reported studies made on the New York City market 
of a phytophthora rot of Honey Dew melons from ( California, Colorado, 
and Chile. A similar decay of cantaloups and Honey Ball UK'lons 
was produced by artificial ino(‘.ulation. 

Kreutzer (7) described a field rot of cucumber fruits causing a 
nearly complete loss of the c.rop in an 8-a-(‘re field located near Rocky 
Ford, Colo. He stated that t he pathogen was probably Phytophthora 
capsid. Fruits of the squash wove, successfully inoculated with the 
fungus. 

THE DISEASE 

OCCURRENCE AND IMPORTANCE 

Phytojilitliora, lot of Winter (^neen watermelons was first observed 
in a c-arlot unloaded at New^ li^irk in (»,arly September 1935. An 
average of ap])roximat(*ly (SO ])erc(‘.nt of the melons in the car weie 
|)a,rtly deciiyed, and in ma ny of the crates all w^en^ in feet (h1. The 
decayed spots were mostly over 3 inches in diamet(‘r, with from om* 
to three', lesions [)er melon. The entire (aiilot was ]*eject(^d for sale 
and was (lis|)osed of as garbage. 

This c.ar was shipped fi’om Rocky Ford, Colo., 5 days previous to 
the (late of unloa.ding at New^ York. On tin* same day two other 
cars were shipt)ed from Manzanola, (k)lo. These were imloadc'd at 
New York 5 and 7 days, resp(H*tively, after the date of loading. In 
the first of these from 15 to 50 percent of the melons were affected 
with phytophtliora rot, with an average of 25 |)ercent for the carlot. 
Approximately 15 percent of the melons in the second of these two 
carlots likewise were found to be in early to advaju'ed stages of decay 
with phytophthora rot, while in a group of 73 crates nearly 40 percent 
of the melons were so affected. 

Although observations were made on the condition of Winter Queen 
watermelons at the unloading and sales pier from time to time during 
the remainder of the 1935 season, only in the three carlots noted 
above was phytophtliora rot found present. In this connection it is 
of interest to note that certificates issued by the Bureau of Agricultural 
Economics, United States Department of Agriculture, on eight 
additional carlots and two mixed carlots containing some Winter 
Queens indicated that four carlots (including one mixed carlot) were 
free of decay, while in six carlots (including one mixed carlot) from 
1 to 8 percent (averaging 5 percent) of the melons were', decayed. 
The decay was reported as alternaria rot and as an early stage of 
rhizopus soft rot. No inspections were made of the remaining three 
or four carlot equivalents of that season. 

The unloading dates of the seven cars arriving at New^ York during 
the season of 1936 were scattered through a 5-week period; conse- 
quently, observations were limited. In one car, however, phytoph- 
thora rot was found, but the percentage of melons so affected was 
not determined. An Examination of inspection reports on seven 
carlots (including one mixed lot), made either by tlie Bureau of 
Agricultural Economics or by the Railroad Perishable Inspection 
Agency, indicated 15 percent of decay in one carlot and from 1 to 
5 (averaging 3.5) percent of decay in the other six carlots (including 
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one mixed lot). As during the previous season, the decay was for 
the most part recorded as altemaria rot and rhizopus soft rot. 

No phytophthora rot was found in the seven carlots unloaded 
during 1937 and 1938. In fact, practically no decay of any kind 
was observed. 

The results of the observations made over the four-season period 
may be summarized by stating that, out of a total of 30 carlots, 
pliytophthora rot was definitely known to have occurred in 4, whore 
it was responsible for from 5 percent or less to nearly a total loss of 
the melons. It definitely was not present in the 7 carlots of 1937 and 
1938. Of the remaining 19 carlots, inspections by others on 15 to 
1 6 carlots (or carlot equivalents, because of the mixed loads) suggest 
that, if phytophthora rot occurred at all, it was not responsible for 
heavy losses. However, this does not preclude the possibility that 
the decay may have been present in small ainounts in some of the 
carlots without being recognized. It would appear that under certain 
conditions phytophthora rot may constitute a problem of tlie greatest 
impoi-tance in carlots of Winf^er (iueen watermelons sliipped to 
eastern mai*kcts. 

SYMPTOMS 

The earliest syinjitom of phytophthora rot is the develojinient of 
cither a slight water soaking or a reddish-brown (^^vinaceous-iawny^^^ 
discoloration of the rind about the point of inoculation. When the 
water-soaking type of discoloration prevails, the lesion as it advances 
may become “grape green,]’ “deep grape green,” “deep olive-buff,” 
“dark olive-buff,” or “citrine drab” in color. Frequently there is 
little evidence of water soaking during the early stages of decay. 
Then the affected rind assumes colors of brown (“russet,” “sayal 
brown,” “snuff brown,” “Saccardo’s umber,” or “mars brown”). 

The lesions are at first irregular in pattern (fig. A). By the time 
they have attained a diameter of approximately 1 inch they become 
nearly circular in shape (fig. 1,5), altliough the margin may still be 
irregular. There may be one or several (fig. 1 , O) lesions on a melon. 
When more than one occurs, adjacent lesions may coalesce in part as 
they enlarge. At the same time, isolated lesions assume a more 
nearly circular shape and their margins become regular and distinct 
(fig. 2, A), Frequently the lesions have a mottled appearance (fig. 
^2, A), or alternating concentric bands of several colors may be present 
(fig. 1,0. 

In advanced stages of decay the wliite mycelium of the causal 
fungus develops on the affected areas of the melon (figs. 2, A and B; 
3, A and 5). This is first evident at the center of the lesion (fig. 2, 
A) and finally appears over all of the surface except that of the 
advancing edge of the lesion (figs. 2, B; 3, A). Such melons, confined 
within a closed moist chamber, develop a luxuriant wliite cottony 
mold growth. Under the conditions usually prevailing on the market, 
however, the mold does not grow out much from the surface but 
tends rather to become matted down against the moist tissues of the 
lesion. 

The affected tissues early become somewhat softer than normal but 
retain their form for some time. Eventually there is shriveling and 
wrinkling with formation of creases in the diseased rind (figs. 2, A; 

7 All color designations in quotation marks in this paper are according to Rldgway ill). 
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Figure 1 . A, Early stage of phytophthora rot resulting from inoculation of 
Winter Queen watermelon; B, more advanced stage; C, typical lesions on melons 
from commercial carlot. 
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Figure 2. — Phytophthora rot of Winter Queen watermelon: Lesion showing 

mottling, wrinkling, and beginning of mold development; B, older lesion 
nearly covered with mold. 
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Figure 3. — Phytophthora rot of Winter Queen watermelon: A, Extensive lesion 
covering nearly half of melon surface; late stage of decay, entire melon 
showing shriveling, wrinkling, water soaking, and presence of wet appressed 
mold. 
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3f B), and the melon either flattens out under the pressure of its own 
weight (fig. 2, B) or otherwise loses its smooth, even, and regular 
shape (fig. 3, B), The epidermis becomes loosened soon after the 
rind is infected, and can be peeled off readily. 

Tlio internal symptoms of decay are a general shriveling and 
mashing together of the diseased tissues, which remain loosely held 
together by the fungus mycelium. When the moisture is squeezed 
out of bits of the affected tissue, the tough, felty mycelium remains 
as a slight residue. Tlie flavor of healthy tissue somewhat beyond 
the decayed tissues, unless afl'ected by contaminating yeasts or 
l)acteria, is little affected by the decay. Likewise there occurs no 
marked odor or discoloration. 

THE CAUSAL ORGANISM 

MORPHOLOGY AND GROWTH CHARACTERS 

Six isolates from rotting Winter Queen watermelon fruits were 
used for a study of the morphology and growth characters of the 
fungus. On potato-dextrose agar plates the isolates produced a 
dense white mat of mycelial growtli in the agar, covered with a 
velvety growth of short aerial hyphae. There was no spore develop- 
ment during a 10-day period. In oatmeal agar tubes there was a 
mass of white, cottony, aerial mycelium at the base of the slope after 
5 (lays^ growth at room temperature. In pea broth, dense tufted 
masses of mycelium developed throughout the liquid in 0 days, but. 
tliere was no spore development during that time. 

Sporangia developed abundantly in oatmeal and ('ornmeal agar 
cultures kept at room temperature for 2 months; they were usually 
sphacrolimoniform, nonpedicellate, prominently papillate, with gran- 
ular, hyaline to faintly straw-colored contents, 21.4/z to 53.1/x by 
18.3m to 40.7m, averaging 36,5m by 27.6m in size (fig. 4, A), On solid 
media the sporangia were fairly uniform in size and shape. When 
the isolates were grown 6 days in pea broth there was a profuse 
development of mjrcelium; tufts of hypae washed and transferred to 
plates of sterile distilled water, as recommended by Leonian (P), 
developed sporangia in large numbers. They varied widely in size 
and shape, with a tendency to become elongated in the apical region ; 
the majoritv had a single papilla, but irregular sporangia with two or 
three papillae were fairly common. The sporangia produced in 
water varied from 21.7m to 60.4m by 16.9m to 43.8m, averaging 40.6m 
by 28.3m in size. Germination of sporangia from both solid and liquid 
media occurred by the development of germ tubes, usually from the 
region of the papilla, and by the development and liberation of 
zoospores, whicn, after a period of motility, became quiescent, rounded 
up, and germinated by a single germ tube. 

Chlamydospores were not observed. 

Three of the six isolates developed oogonia and oospores in oatmeal 
agar cultures 2 months old. Isolates that developed sexual organs 
abundantly produced a few sporangia in the same cultures; however, 
the mycelium of the oogonium-producing isolates developed sporangia 
as abundantly as the non-oogonium-producing isolates when trans- 
ferred from pea broth to sterile distilled water but oogonium develop- 
ment did not occur in the distilled water. 
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Figure 4. — Phytophthora capsid from Winter Queen watermelon: Ay Spo- 
rangia, evacuated sporangium, and rounded, quiescent zoospores; By oogonia 
oospores, and antheridia. X about 600. 
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The oogonium was subspherical with a slender stalk encompassed 
by the persistent, amphigynous antheridium. The colorless oogo- 
nium wall enclosed dilutely straw-colored granular and often vacuolate 
contents, which, following fertilization and the differentiation of the 
oospore, became somewhat darker. The oospores were thick-walled, 
nearly spherical, not filling the oogonium ; a single oospore developed 
in each oogonium. Oogonia measured 24.1/i to 41.4/z in diameter, 
averaging 29.9m. The oospores measured 22.7m lo 31.4m, with an 
average diameter of 20. 5 m (fig- 4, B). 

TAXONOMY 

The causal organism was identified as PhytojMhora capsici Leon. 
(<S0. The Winter Queen watermelon isolates were quite similar lo 
strains of that species previously studied by Tucker (77). 

Sarejanni (12) in 1936 pj’oposed to combine Phytophthora capsici 
with P. parasitica. His proposal would place in the latter species all 
forms that grow well on malt extract agar and the usual agar media 
in 6 days at 20° C. and develop arnphigynous antheridia and papillate 
sporangia. He suggested a new species, P. imperfecta , for strains 
with similar growth characters that do not develop oogonia. Strains 
differing in pathogenicity would be given varietal rank. According 
to his classification, the three present watermelon isolates that 
produced oogonia would be, assigned to P. parasitica var. capsici and 
the three that did not develop oogonia to P. imperfecta, var. capsici. 

Conditions influencing the development of sexual organs in culturt's 
of Phytophthora species are not well known. Tlnur development is 
certainly affected oy the age of the culture, temperature, substratum, 
moisture, and the occurrence of heterothallic strains, as well as otluM’ 
undetermined factors. Isolates that produce sexual organs abun- 
dantly when first cultured sometimes cease to produce them in later 
transfers, whereas those failing to produce them in early transfers 
occasionally develop oogonia and antheridia abundantly in later 
transfers. The character seems too variable for use as the sole basis 
of distinction between species of the group with arnphigynous anther- 
idia. Several species with nonpapillate sporangia develop oogonia 
infrequently in culture, yet possess other characters that permit 
their classification. 

Phytophthora cajjsici is a fairly well defined species, distinguishable 
from P. parasitica by the consistent absence of chlamydospores in 
culture and by its pathogenicity to pepper plants, a character that 
has proved stable among isolates from various hosts. The retention 
of P. capsici as a species is therefore highly advisable. 

TEMPERATURE RELATIONS 

The temperature relations ot Phytophthora capsici from Winter 
Queen watermelons were determined by measuring the growth that 
occurred on plates of potato-dextrose agar ® during a period of 4 days 
at temperatures of 45° to 100° F., and during 1 week and 2 weeks at 
45°, 50°, and 55°. The results are summarized in figure 5, A. The 
data there shown for the temperatures within the range of 55° to 
90°, inclusive, are averages of 4 experiments in each of which 10 
plates were measured at each temperature. Thus each point on that 

« Pared ixitatoes, 200 gm.; dextrose, 20 gm.; agar, 15 gm.; distilled water, 1,000 cc. 
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portion of the teinperature-growth curve represents the average 
diameter attained by the fungus on 40 plates. Growth at each of the 
temperatures 95° and 100° is based ujjon the average of 10 plates, 
while at 45° and 50° it is represented by tbc average of 35 and of 34 
plates, respectively. Six different isolates were used at various times 
during the 4 exptvrimcnts. 

There was no growth of the fungus at 45° F. in 4 days, 1 week, or 2 
weeks. Growth was slight at 50° in 4 days, and moderate in 1 week 
and 2 weeks. At 55° growth was moderate in 4 days, and extensive 
in 1 week and 2 weeks. 

In later t(^.sts slight growth was observed in 1 week at 47.5° F., so 
tliat the minimum temperature for growth under the conditions of the 
test lies somewhere in the range of 45° to 47.5°. 



I WtFK 2 WEEKS 


I WEEK 2 WEEKS 


FiGiTitE 5. yl, Temperature relations of Phytophtfiora cajmei from Winter Queen 
watermelon; average diameter of (jolonies deveIo])ed on potato-dextrose agar 
in 4 days, 1 week, and 2 weeks, /t, Temperature relations of phytoplithora rot 
as determined by average diameter of lesions developed on Winter Queen 
watermelon in 4 days, 1 week, and 2 weeks. 


Growth in 4 days increased fairly regularly with increase of temj)er- 
nture from 50° to 80° F., where maximum growth occurred. How- 
ever, growth was nearly as great at 85° as at 80°. Above 85° growtlv 
fell off rapidly with increase of temperature, and no growth occurred 
at 100° in 4 days. These results are in accordance with data pre- 
sented by Tompkins and Tucker (/5); their isolates from Honey Dew 
melons grew most rapidly at 25° and 30° C., and all made some 
growth at 35°. 

The effect of temperature upon the rate of development of phytoph- 
thora rot was determined by three experiments in which artificially 
inoculated Winter Queen watermelons were held at various temper- 
atures within the range of 45° to 100° F. The methods used con- 
sisted of washing the melons with soap and water, drying them, and 
placing them in the desired temperature chamber. Twenty-four 
hours later they wore removed, washed thoroughly with 95-percent 
ethyl alcohol, dried, and inoculated at four points per melon by 
inserting generous portions of a several-day-old agar culture in shallow 
wounds made with a sterile scalpel into and through the rind. The 
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number of melons used varied somewhat, so that the total number of 
lesions measured in order to determine the average diameter for each 
temperature point were as follows: At 45®, 40 lesions; at 50°, 42; 
at 55°, 56; at 63°, 48; at 70°, 36; at 75°, 36; at 80°, 36; at 85°, 36; at 
90°, 14; at 95°, 4; at 100°, 8. The results are shown in figure 5, B, 

No decay developed at 45° or at 50° F. in 4 days. Some decay oc- 
curred at 55° in 4 days; from 55° to 85° the average diameter of 
the lesions increased regularly with increase in temperature. Maxi- 
mum decay development occurred at 85°, although the lesions were 
nearly as large at 80°. Decay development at 90° was about the 
same as that at 75°, but it fell off materially at 95°, and no decay 
occurred in 4 days at 100°, 

Decay development at 55° F. was moderate in 1 week and advanced 
in 2 weeks. When the usual method of inoculation was used no 
decay developed at 50° even in 2 weeks. However, when melons 
with definite lesions of phytophthora rot were held at 50° for 1 week 
and 2 weeks the lesions continued to enlarge moderately. In no case 
was there any decay development at 45°. 

PENETRATION STUDIES 

Observations made on commercial lots of Winter Queen water- 
melons showed that in many crates phytophthora rot was more 
abundant at points of contact between adjacent melons than else- 
where over the melon surface. This suggested the possibility of 
spread from diseased to healthy melons within the container. A 
number of small-scale ex|)eriments were therefore made for the 
purpose of determining whether the pathogen could penetrate the 
apparently unbroken skin of the melon and whether or not tlie decay 
would spread from melon to melon under conditions simulating those 
existing in commercial practice. 

Melons selected for their general freedom from blemishes and 
scratches were washed with soap and water, dried, washed with 95- 
percent ethyl alcohol, and again allowed to dry. Small plantings of 
potato-dextrose agar cultures of the fungus previously isolated from 
decaying Winter Queen watermelon were then placed at isolated spots 
on the melon surface where the rind appeared to be entirely free of 
bjemishes or injuries of any sort. Those were covered with inverted 
sterilized wide-mouth vials,® which were fastened to the melon by means 
of melted paraffin wax. In some instances a piece of sterilized cotton 
moistened with sterilized water was laid over the agar-mycelium plant- 
ing before the vial was sealed on. In others no cotton was used, but 
the inside of the vial was moistened with sterile water. Suitable 
checks, consisting of sterile agar plantings, were similarly set up. 

In 1 such test 3 melons were each inoculated at 10 points with 1 of 
3 different isolates. Three days later 90 percent of infection had 
occurred with each of 2 isolates, and 70 percent with the third isolate. 
No decay developed on the checks. 

A second test consisted of 19 inoculations, of which 17, or 89 percent, 
resulted in infections with phytophthora rot. 

In a final test of a similar type, in which moistureproof cellophane 
firmly secured around the edges was substituted for the glass vials, 
all but 1 out of a total of 15 inoculations were positive within 6 days. 

• Liple^s thick-walled glass bottles 2r> mm. in diameter and 70 mm. in length, of the type known as shell 
vials. 
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Evidences of infection were visible witliin 2 or 3 days at room tem- 
perature. 

The results of the three tests indicate that Phytophthora capsici is 
capable of penetrating the rind of Winter Queen watermelons in 
the absence of visible scratches or injuries in the rind. 

In the first test made to determine whether spread of decay occurs 
within the crate, 5 healthy melons and 3 melons bearing advanced 
lesions of phytophthora rot were laid together witliin a large basket in 
such a manner that 15 points of contact were made between healthy 
and diseased rind. The healthy melons bore no fresh bruises nor 
wounds. They were not washed, nor were their surfaces sterilized. 
All were held at a mean daily temperature of about 70° to 75° F. for 4 
(lays. At the end of that time phytophthora rot was well advanced 
on the previously healthy rind at each of the 15 places where contact 
had been made with infected melons. At the start of the test the de- 
cay lesions on the 3 infected melons were more moist than the earlier 
stages of decay as ordinarily found in commercial packages. Moreover, 
all 8 melons were packed together somewhat more tightly than in 
c.om 1 1 i erci al ] )a.c ki fig. 

Three t(^sts were therefore made, in each of which only early to 
moderately advanced stages of decay were used as the source of 
ifioculum and in which the diseased and healthy melons wore packed 
in crates with pressure of melon against melon approximating tliat found 
in commercial crates. In all 3 tests the healthy melons were washed 
and dried, and the areas of healthy rind exposed to the decay lesions 
were selected for freedom from fresh scratches and wounds. The 
arrangement was such that the diseased melons made 10 contacts with 
8 sound melons. The crates were held at room temperatures approxi- 
mating a daily mean of 72° F. for 0 days. Phytophthora rot had by 
that time spread to the healthy melons at all 10 points of contact. 
Similarly, in a repetition of this test with other melons, there was 
infection at all 10 points of contact in a 4-day pcjriod. In a final test 
of this sort 20 contacts were made between healthy and diseased 
melons. After 5 days phytophthora rot had spread to the healthy 
melons at 18 points. 

The four tests show clearly that phytophthora rot can spread from 
melon to melon within the container, and that by the end of 4 days at 
temperatures near 70° F. lesions are developed that are of considerable 
economic importance. 


HOST RANGE 

Inoculations with the six isolates of Phytophthora capsici were 
made by the method used by Tompkins and Tucker (75). All 
isolates were found to be similar in pathogenicity and proved to be 
capable of penetrating un wounded tissues and causing rots of the fruits 
of pepper, tomato, apple, cantaloup, cucumber, and squash, and of 
carrot roots. They infected wounded fruits of orange and lemon, 
and wounded potato tubers. The symptoms produced on the various 
commodities agreed very closely with those reported by one of the 
writers {17), using isolates from pepper, and by Tompkins and Tucker 
{15), using isolates from Honey Dow melons. 

Inoculations of turnip and radish roots and of onion bulbs were 
negative. 
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The pathogenicity of Phytophthora capsid for pepper plants has 
been used as a criterion for the identification of the species {17). 
California Wonder pepper plants were therefore inoculated with the 
six watermelon isolates by placing a bit of mycelium from oatmeal- 
agar cultures in a small slit in the stem near the tip. Twenty-four 
plants were thus inoculated, each isolate on four plants. All isolates 
proved virulently pathogenic, killing the terminal growing region and 
causing browning and collapse of the stems 4 to 6 inches below the 
point of inoculation within 0 days (fig. 6). Inoculations of young 
pepper plants, made by mixing cultures with the soil, caused wilting 
and death of all plants within 25 days. The watermelon isolates were 
as pathogenic for pepper plants as were isolates from l)epper and 
Honey Dew melon. 



Figure 6 . — California Wonder pepper plants: Wounded hut not inoculated; 

inoculated with Phytophthora capsid isolated from Winter Queen water- 
melon. Photographed 6 daj^s after inoculation. 

CONTROL 

As has been pointed out, the organism that causes the })hy- 
tophthora rot of Win ter Queen watermelons lias been likewise responsible 
for a field decay of Honey Dew melons in California. There the 
disease was found restricted to areas of irrigated fields in which 
excessive water accumulated as a result of poor drainage. In Colo- 
rado the same fungus was reported (/) on peppers in the vicinity of 
Rocky Ford in 1931 and at Canon City in 1932. The disease was 
most prevalent in heavy wet soils. What is apparently the same 
fungus was also reported (7) as the cause of a field decay of cucumber 
fruits at Rocky Ford in 1930. 

The causal fungus is soil-borne and has been shown {1 ) to be able 
to remain alive in the soil of coldframes for at least 2 years. It 
would therefore seem advisable to avoid planting Winter Queen 
watermelons in fields where infections by Phytophthora capsid have 
recently occurred on pepper, cucumber, or other crops. 
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Although no information is a vailable on the occurrence of the disease 
in the fields of Colorado, where the infected Winter Queen water- 
melons originated, the wide variations in the percentage of melons 
affected in different shipments and during different seasons suggest 
tliat environmental factors in the field play an im])ortant role in 
determining the importance of the disc^ase during marketing. Tlie 
presence of excessive soil moisture is undoubtedly an important factor, 
and wliere this condition prevails it would be well to determine, 
prior to the time of picking, whether the decay is present on fruits 
in the field. If so, then care may be exercised in harvesting to avoid 
ship])ing melons from such areas in the field. However, should tlie 
fruit rot bo found rather generally distributed, even in small amount, 
over the field, it should be recognized that the chances for serious 
develoi)mont of decay during the transit and marketing ])eriod an^ 
greatly increased. 

The prevalence of unusually wet conditions shortly before^ liarvest 
may result in (».xtensive infection in fields where the pathogen is 
|)rescnt and active*. Melons that have^ been only recently infected 
may show no evidence of tin*, disease at the time of packing. Under 
femperatures prevailing in cars shipped under ventilation without ice. 
su<‘h ni(*lons soon becoiiH*. (*A'tensively rotted and may I’eadily serve as 
<*(uiters for sf)rea(i of the decay to adjacent melons in tlie containers. 
From th(*, results of the temperature studies it would appear Ihat 
reduction of carrying temperatures to 50° F. through the use of refrig- 
eration would materially retard decay and that maintenance of a 
temperature of 45° would completely arrest the dev(‘lopmcnt and 
spread of the decay during the transit i)eriod. 

SUMMARY 

A phytoy)hthora rot of AVinter Queen watermelons grown in Colorado 
was first ol)served on the New York City market in 1935. 

During the four-season period of observation it was found that the 
disease occurred sj)oradically, but that when present in a given caiiot 
it might affect from 5 percent or less to nearly all of the melons. 

The causal organism was found to be Phytoplithora capsici lioon. 

The optimum temperature for growth of the pathogen in culture 
was in the range of 80° to 85° F. The maximum temperature (for 
growth in 4 days) lay between 95° and 100°. The minimum tem- 
perature for growth of the organism lay between 45° and 47.5°. 
Growth did not occur at 45° in 19 days. 

The development of decay on inoculated Winter Queen water- 
melons was greatest at 85° V', At temj)eratures in the range of 03° 
to 70°, lesions attained a diameter of 45 to 79 mm. (approximately 
2% to 3 inches) in 4 days. At 50° old lesions continued to enlarge 
slowly, but new lesions were not apparent in 14 days. No decay 
developed at 45° in 14 days. 

The causal fungus was found to be able to penetrate the apparently 
unbroken skin of Winter Queen watermelons. Tests indicated that 
at favorable temperatures the decay can readily spread w thin the 
container from diseased to healthy melons. 

Tests showed that the caUsal fungus was pathogenic for pepper 
plants and that it could penetrate and rot unwounded fruits of pepper, 
tomato, apple, cantaloup, cucumber, and squash, and unwounded 
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carrot roots. Tlie fimgds also produced a rot of wounded orange and 
lemon Iruits and wounded potato tubers. 

Suggestions for control, based upon certain field and harvesting 
practices, are presented. Reduction of transit temperatures to 50° F. 
should greatly retard decay development, and the maintenance of a 
temperature of 45° should completely arrest the development and 
spread of decay during transit. 
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THE USE OF ASCORBIC ACID (CRYSTALLINE VITAMIN C) 
AS A SUBSTRATE IN OXIDASE MEASUREMENTS ' 


Hy Boyce 1). Ezell, asmatant horticullurittt, and Kisk Gehhardt, physiologisly 
Division of Fruit and Vegetable Crops and Diseases, Bureau of Plant Industry, 
United States Department of Agriculture 

INTRODUCTION 

During storage the pliysioloj^ical eJiaiif^es in fruits are katabolie-, 
and oxidative processes are doubtless dominant. A study of these 
processes is of importance from the standpoint of fruit behavior and 
particularly with reference to physioloj^ical diseases sucb as soft 
scald and break-down of apples and core break-down of pears. A 
few degrees difference in storage temperature may mean either 
severe losses or fruit comj)aratively free from disease. Thus, at 30° 
or 32° F. certain varieties of ajjples may develop s(‘vere soft scald, 
whereas at 30° this disease very s(*ldom develops. Howev(u*, at the 
higher temperature the ])eriod of ])rofitable storage is shorteiuHl 
owing to more rapid ripening. These results indicated that a study 
of the oxidizing enzymes might be of considerable importance' for an 
understanding of the basic causes of this type of disease and in turn 
might lead to methods for its control. Pieliminary tests indicated 
tlnit the difference in oxidase activity of fruit stored at 32° and 30° 
might be small. A more sensitive method than laid ])reviously been 
available for measuring small changes in enzyme activity was needed, 
and the present study was therefore undertaken. 

Oxidase activity may be determined colori metrically (16*, p. 234)y' 
volumetricMlly (4), or iodometrically Of tliese three ])rocesses, 
the last is in many respects the most satisfactory. In Guthrie/s {3) 
iodornetric method the oxidizable substrate is prepared by heating 
glucose with a dilut(> sodium hydroxide solution. The glucose is 
broken down into numerous derivatives, some or all of which reduce 
iodine in acid solutimi. These carbohydrate degradation products 
are unstable and lose their oxidizing power in the presence of air, 
and their oxidation is catalyzed by plant iuices, i. e., by oxidase. 

When glucose is heated wuth dilute alkali, a mixture of various 
decomposition products is formed. It is conceivable that some of 
these carbohydrate derivatives may rexpiire different degrees of oxida- 
tion before their iodine-reducing ])ow'er is destroyed, while other 
products in this mixture may possess no iodine-reducing power or 
may even have an inhibitory action on the oxidase enzyme. For 
this reason it would seem desirable to have a, i)ui*e substrate in which 
the oxidizable material would be uniform and other products would 
not be present as a possible source of interference with the enzyme a ction. 

In the quantitative determination of ascorbic acid in plant tissues 
it is necessary to inactivate the plant oxidase to y)rcvent ilestruction 
of the acid. Szent-Gydrgyi (13) noted the reducing ])ower of })lant 
juices and identified tlie reducing substance as hexuronic a(*id. This 
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wns hit(M* tornicd nscoi bic acid and is now available in crystalline forni. 
Ascorbic acid, then, is a definite chemical com])onnd; it may be 
obtained in ])ure form; it is readily oxhlized by the oxidase enzyme; 
and the amount of oxidation may be detennined by iodine reduction 
in acid solution. It therefore appeared likely, and ])reliminary tests 
indicated, not only that ascorbic acid could be used as a substrate for 
oxidase measuicMnents but tluit it ])ossessed distinct advantajxes over 
the fjjlucose-derivative substrate as j)repared by Guthrie. 

This ])aper presents the results of a. study in whicli asc’orbic acid 
(crystalline vitamin (^) is used as a substrate for oxidase measurements 
in comparison witli the glucose-derivative substrate of Guthrie. 
The influence of concentration of the enzyme, of the ascorbic acid, 
of the acidity, and of various other factors lias received attention. 

MATERIALS AND METHODS 

The (Mizym(» ])rc|)aration consisted of the ])r(»ssed juice in most 
cases. The tissue to be used was ground in a food cliopper with a 
nut-butter attachment, and the juice was squeezed through two 
thicknesses of cheesecloth. The juice was then filtered through 
flouble cheesecloth, without ])ressure, to remove any tissue forced 
through at the first filterhig. 

The method of measuring oxidase activity was similar to that 
described by Guthrie (3) except that 25 cc. of a water solution of 

ascorbic acid crystals h’ovitamic acid, Merck) was used, usually in 

concentrations of 0.1 to 0.4 percent, as a substrate in the Van Slyke- 
Culhm aeration tubes, instead of the heated glucose solution of 
Guthrie. From 1 to 10 cc. of the juice or extract containing the 
enzyme was added to (»ach tube, the amount depending on the oxidase 
content. Tlie boiled pre])aration was used as a blank. Whenever 

the enzyme-substrate solution foamed badly, 5 drops of paraffin oil 

were added to each tube. Uniform reaction conditions were obtained 
by drawing air for 1 hour, at the rate of S liters per hour, through 
a constant-temperature bath held at 25° (\ After aeration the solu- 
tions weie transf(*rred with 50 cc. of water to 50()-cc. Krlenmeyer 
flasks containing 25 cc. of 10-|)ercent. trichloi-oacetic acid. Twenty 
cubic centimeters or more of N/5() iodine in N/10 |)ot.assium iodide 
was then added, and after staiuling for Ih) minutes the solution was 
titrated with N/lOO sodium thiosulfate. The difference in titraiion 
between the lioiled and the unboiled saniiile gave a measure of tlu* 
oxidase activity. When several samples are aerated simultaneously, 
care should be taken to keep the iodine oxidation-reduction period 
uniform. 

EXPERIMENTAL WORK 

EFP'ECT OF THE HYDROGEN-ION CONCENTRATION OF THE SUBSTRATE 
ON OXIDASE ACTIVITY 

Water solutions of ascorbic acid are acid in reaction. Falk {2, 
p. 98) states that the optimum pH value for vegetable oxidase activity 
is from 7 to 10. This is more alkaline than most plant juices. Apple 
juice lias a pH value of approximately 4. With potato juice and a 
sugar-derivative substrate, Guthrie {3) suggests a pH value of 6.5 
for oxidase measurement. 

In order to determine whether the acidity of the ascorbic acid 
solution interfered seriously wdth the oxidase activity, this substrate 
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was aeijustod to various acidities with N/IO sodium hydroxide aud 
buffered with Clark aiul Luhs buffer solutions. Kqual ])a.rts of the 
substrate and of buffer solutions were used and adjusted to a constant 
volume a.nd concentration. The oxidase activity of a|)|de juice was 
then det(vrmin(‘d at various acidities. The results are ^iven in table 
1, column 2. 

The substrate with a pli value of 4.0 was more acid than is usually 
recojumended for optimum oxidase activity, but the use of sodium 
hydroxide and buffer solutions to ^ive a p]T value as hi^h as 8.0 did 
not increase the enzyme activity. The fact that there was such a 
wide differejice Ix'tween the check (unbuffered substrate) and the 
sample buffered to plT 4.0, both of which wei'e near the same acudity, 
su^^ested that the l)uffer chemicals were interfeiin^ with the enzyme 
action. This ])roved to be true, as is shown in table 1, column 3, 
when the substrate was brought to the desired pH value with N/10 
sodium hydroxide without achlition of buffer. With the acidity thus 
reduced enzyme activity was apiin less than in the unneutralized 
substrate. 
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Since' apple' juie*e' has a pli value' ap|)re)\ima tely e'.ejual le> a 0.1- 
pere*enl. solution etf ase*e)rbie‘ aciel, it was t he>u‘j:h4H+nTlriili e'nzyme 
|)reparatie)n less ae*iel (ban apple juie*e mijrht be'luive' elilferenf.ly in 
re'ixarel (e) the aeuelily e)f the substrate. AI(he)U.< 4 h rt'pe'att'el te'sts with 
|)e)tate) juie'e having’ a pi I value etf (i.2 eliel nett always she)vv iiuTeaseel 
e)xielase activity with the metre alkaline substiate's, the t>ffee*t etf aeljust- 
nuuit eliel nett a|)pear to be harmful. The results etf etne etf these tests 
are ^iven in table 1, column 4. These results with ajtple anel pettate) 
juice mi<j:ht inelicate that the optimum ])H value for etxielase activity 
is near that of the etrij^inal material; i. e., apple near pH 4.0 anel potatet 
near pH 0.2. The failure of the potato juice tet show elefinitely 
greater activity with the adjusted substrates may be elue to the 
injurious effect of the sodium hy(lre)xide on the enzyme, offsettinf^ the 
advantages of increase in alkalinity. 

EFFECT OF CONCENTRATION OF SUBSTRATE ON e)XIl)ASE ACTIVITY 

The effect of concentration of the substrate on the e)xidase activity 
of apple juice is shown (table 2) under conditions in whicJi the concen- 
tration of the ascorbic acid ranged from 0.1 to 0.4 percent. Two 
cubic centimeters of apple juice was used at eacli concentration. 
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Differences in coneentrntion of the substrate from 0.1 to 0.3 per- 
cent of ascorbic acid had little effect on the enzyme activity, whereas 
0.4 percent was stroiijs; enough to clause injury to the enzyme (table 2, 
column 2). Guthrie (3) has stated that boiled juice has a ])rotcctive 
effect on the oxidase enzyme. When 8 cc. of boiled juice was added 
to 2 cc. of unboiled juice and the test repeated, no injury at 0.4 percent 
was evident (table 2, column 3). In a later test, with onion juice very 
w('ak in oxiclase, a 0.3-pei‘cent as(H)rbic acid solution showed slight 
injury to the enzyme. 


^Pable 2. — Effect oj concent rat ixm of substrate on the oxidase activity 


Oxidftsr activity (N/1(K) 
N}12S20^) 


roiiccntration of substrate (iHTciait) 



(1) 


Enzyino un* 
protect (hI 

(2) 

Eu/yine pro- 
tected > 

cn 

0,1... - 



Cc. 

0. 0 

rv. 

12. S 

0.2 - 



0.0 

18. 0 

O.H . 

0.1 .. 



0.0 

H. 0 

18. 0 
18. 0 


> Eiir.yino protccUMl by tlio acblition of S cc. of boiled juice to 2 c<t. of unboih'd juice. 


For routine analysis, where the titration difference betw(Hm the 
boiled and the unboiled juice is not more tluui 15 cc. of N/lOO thiosul- 
fate, a substrate concentration of 0.1 percent of ascorbic acid has been 
found satisfactory. Since 1 cc. of N/lOO thiosulfate is etiuivalent to 
0.88 mg. of ascorbic acid {8)^ a titration of 15 cc. would indicate that 
13.20 mg. of ascorbic, acid had been oxidized by the enzyme. The 
amount oxidized by the blank varies with the ])rodnct and with the 
amount of boiled material used: 2 cc. of boiled apjile juice oxidized 

1.85 mg. of ascorbic acid 



Figure 1. — Effect of concentration of the enzyme 
on the oxidase activity of apple juice: o, 
Relatively strong oxidase solution; 6, relatively 
weak oxidase solution 


during aeration; a. differ- 
(uicc of 15 cc. in titration 
would indicate thata])prox- 
imately 00 percent of the 
substrate bad been oxi- 
dized. 

EFFECT OF CONCENTUATION OF 
ENZYME ON OXIDASE ACTIVITY 

When the jirotective 
action of the juice is 
kept constant by the 
addition of boiled juice, 
the oxidase activity varies 
directly with the con- 
centration of the enzyme. 


This is shown in figure 
1, where the activity of apple juice relatively strong and weak 
in oxidase is plotted. 
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EFFECT OF THE SUBSTHATE AND ITS OXIDATION PIU) DUCTS ON THE ENZYME 

The prochiet of a roaction often interferes witli the action of the 
enzyme, and as a result tlie concentration of active enzyme may 
change during the course of the reaction. For instance, when 2-cc. 
sarn])les of Winesap apple juice were aerated for 20, 40, and 00 minutes, 
the oxidase activity was 8.4, 0.7, and 9.7 cc., or 8.4, 8.8, and 8.0 cc. 
for the three 20-minute intervals, respectively. This reduction in 
enzyme activity may be due to tlie action of tlie substrate or to the 
products formed by the reaction between the enzyme and substrate. 
Gutlirie 0^) noted that this destructive action was reduced l)y the 
addition of boiled juice to the unboiled juice. To determine whether 
the ascoj*bic a<‘id subsli'ate was as injurious to the enzyme as the 
glucose-derivativ(' substrate, a test was made in which both ascorbic 
acid and glucose-derivative substrate were used. In each case the 
(|uantity of unboiled juice was kept constant while tlu' (juantity of 
boiled juice was varied. The residts are shown in table 8. 

It is evident that tlie boiled juice was moi'e effective in increasing 
oxidase activity with the heated glucose-derivative substrate than 
with the ascorbic acid substrate. Also the difference between 2 and 
4 (‘c. of boiled juice was much greater in the glucose-derivative sub- 
strate than in the ascorbic acid substrate. Conversely, it may be 
stated that the heated glucose-derivative substrate or the products 
of its oxidation are more destructive to the enzyme than is the ascorbic 
acid substrate or its oxidation products. The substra.te, reduced or 
oxidized, should be as free as possible from such destriu’tive substances. 


Ta lUiK 3. — PJffpci of differvnl nubHiratcs on the oxida,9e activity of apple juice when 
various proportions of proleciive boiled juice are used 




Activity of apple juice on— 


Fnzyrno preparation 

Ascorbic acid substrate 

Olucose-derivativc 

.substrate 


Oxidase ac- 
tivity (N/UK) 

Na2S203) 

Increase over 
uni>rotected 
juice 

().\idase ac- 
i tivity fN/lOO 
Na2H2():,) 

1 

T ncrea.se over 
unv)roteel.ed 
juiw 

2 cc. of un boiled juice, no boiled juice 

2 cc. of unboiled juice + 2 cc. of boiled juice _ 

2 cc. of unboiled juice 4- 4 cc. of boiled juice. ... 

Cc, 

7.0 
9.4 
10. 0 

Ptremi 

’ " :u. :t 
42. S 

Cc. 

4.2 

0.3 

7.8 

Pneevt 

"' 50.0 

85.7 


Johnson and Zilva { 5 ) have shown that certain plant enzymes 
oxidize catechol in catechol -ascorbic acid mixtures but only after the 
ascorbic acid is all oxidized. This would indi(‘ate that ascorbic acid is 
more readily oxidized than catechol. If increasing amounts of an 
enzyme preparation are added to a constant amount of ascorbic a(*id 
substrate until an excess of enzyme is present, a slight excess of enzyme 
shows no increase in oxidase activity and no dilferencc in the color 
of the solution. However, if an additional excess is added, further 
visible oxidation takes place and darkening results, the amount of 
darkening depending roughly on the excess enzyme added. It should 
be noted that visible darkening does not take place until all of the 
ascorbic acid is oxidized. According to Onslow (/O, 122 ) oxidase 
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is made up of three eompoiieiits, one of which is an aromatic substance 
containing an orthodihydroxy g:rouping such as that in catechol. 
The darkening may be due to the oxidation of tliis aromatic com- 
pound. This would seem to agree with Johnson and Zilva’s results, 
in which the catechol, in ascorbic acid -catechol mixtures, was not 
oxidized until all of the ascorbic acid had been oxidized. 

The direction of the ascorbic acid oxidation appears somewhat 
obscure. Ascorbic acid is generally considered to be first oxidized to 
dehydroascorbic acid, which is approximately equal to ascorbic acid 
in antiscorbutic ])Otency. According to Borsook et al. (/), dehydro- 
ascorbic acid in a(|ueous solutions undergoes a s])oiitane()us irrever- 
sible change at ordinary temperatures if the hydrogen-ion concen- 
tration is less than ])IT 4, forming a stronger acid and a more powerful 
reducing agent than ascorbic acid itself. However, this cliange is 
inde|)(MHlent of tlie ])r(‘sence of air or oxidizing agents; consecjuentlv 
it is !iot an oxidation. Moll and Wieters (.9) found that pure acpieous 
solutions of dehydroascoi bic acid are far less stable than ascorbic* acid 
solutions, and that the antiscorbutic property is lost mor'c cjiiickly 
than the property of being regenerated by hydrogen sulfide. This 
degradation product is an ascorbic-acid-likc substance wdth a (‘harac*- 
teristic- reductive action on iodine, silver nitrate, and dichlorphenol- 
indophenol, but without antiscorbutic properties. In order to deter- 
mine whether the products of the ascorbic acid oxidation were reducing 
the. iodine in a similar manner to the unoxidized ascorbic acid the 
following study was made, in which the enzyme was [)ermitted to act 
on the substrate over a long period of time and in which tlie oxidation 
products were allowed to stand in strongly acidified solutions. The 
results are as follows: 

Lot ^o. and treatment: Coc. N/itK) NaaSaOs) 

(1) Clieck, 2 00 . of enzyme material, aerated 1 lioiir; oxidase deter- 

mined by usual ])rocediire 2. 9 

(2) 2 00 . of enzyme material, aerated 1 hour and tlien let stand for 

17 hours at 27° C. before adding acid and iodine and deter- 
mining the activity 4. (> 

(3) 2 cc. of enzyme material, aerated 1 hour; then 25 oc. of lO-per- 

oent triohloroacetio acid added and let stand 1 7 hours at 27° (L 
before iodine added and activity determined . 3. 0 

(4) 10 cc. of enzyme material, aerated 1 hour, but let stand 17 hours 

at 27° C. before acid and iodine added and activity deter- 
mined _ - _ _ ‘ ’ 23. 0 

(5) 10 cc, of enzyme material, aerated 1 liour; then 25 cc. of 10-per- 

cent trichloroacetic acid added and let stand 1 7 hours at 27° C. 
before iodine added and activity determined __ *20.0 

> All of tlu* substratP WHSoxidiml in lots 4 and 5. Tho apparent (lifTcronce in activity was due to dilTerence 
in the blanks, 'I'he blank in lot acidifie<l followinji noratioii, was sreater Ilian the blank in lot The 
Itnosulfatc titration was iiractically the .same in all tubes contuinlnji the en/.yme in the 2 lots. 

From the above data, it appears that the degradation products did 
not react wdth the iodine as the ascorbic acid did even when the 
enzyme was allowed to act for 18 hours or when the oxidized sub- 
strate was allowed to stand in a strongly acidified solution for 17 
hours. Lot 1 was a comparatively weak enzyme solution and oxi- 
dized but little of the substrate when determinations were made by 
the usual procedure. Lot 2, in which the enzyme was allowed to a(!t 
without aeration f(>r an additional 17 hours, showed 58 percent more 
of tlie substrate oxidized than lot 1. Lot 3 had the enzyme killed at 
the end of aeration and, as would be expected if the oxidized substrate 
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did not react with the iodine, showed practically the same activity 
as lot 1. Lots 4 and f), containini? 10 cc. of the enzyme, oxidized all 
the substrate in less than 1 hour as was shown by a brownish discol- 
oration at the end of the aeration, l^ot 4 showed increased darkening 
after 18 hours and was distinctly darker at the end of the period than 
lot 5, in which the enzyme was killed at th(‘ end of aeration, ^’et no 
lot gave any indication that the oxidized substrate was reducing the 
iodine as occurs in the case of ascorbic acid. The a|)parejit dilference 
in activity between lots 4 and 5 is due to a ditt‘eren(*e in th(» blanks; 
the aciditied blank gave a higher thiosulfate titration than did th(‘ 
on(‘ that remained imacidilied overnight. It should Ix' recalled that 
the thiosulfate titration is a measure of tlu' exc(‘ss iodine added after 
the enzymic oxidation of the ascorbic acid; it is dir('(‘tly proportional 
to (he enzyme activity and inv(*i'S(4y proj)orlional to the ascorbic acid 
remaining in the substrate. 

Lven though the r(‘ducing suhstanc(‘ fornnxi from (l(‘hydroascorbic 
acid is j)r(*s(‘nt in tin* oxidiz(‘d sid)strat(‘, it still would lx* iin'llectivc' 
in reducing the iodim*. Borsook et al. (/) hav(‘ shown that it is inac- 
tive^ as a nxlucing agent Ix'low pH 4. The aciditied substrate', contain- 
ing 25 cc. of l()-per(‘(‘nt trichloroacetic acid to which the iodine is 
aeldexl, is conshh'rably lower than ])H 4. At no tinu' has there been 
any indication of a re'ducing substance Ix'ing fornu'd in the' oxidizcxi 
substrate. 

ENZYMK^ VEIISUS METALLIC OXIDATION OF THE ASCOKBH' ACID 

It is well known that coppe'r can catalyze' the' eixidatiein e)f ase'oibic 
aciel. Stotz e't al. ( 12 ) found that the coppe'r in the' se)-e;alle'el ‘hisceirbic 
aciel oxielase^” freun sejuash anel cauliflowe'r was sutlie'ie'ut te) ace‘e)unt 
fe)r the oxidatiein cre'elite'el te) the' e'lizyme' anel that the' greate'i* part of 
the copper coulel be' icceive'icel in the e'oagulate'el preite'in upe)n he'at 
inactivation. In the' pre'se'iit weirk practie'ally the' same' re'sults we're 
obtainexl vvdiether the' e*nzyme was kilh'd by he'ating or by the' aelelition 
of l()-i)e*rce*nt crystalline' trichlore)ace'tic aciel te) the' juie'e'. Other 
me'tals also may catalyze' the' oxielation of ascorbic ae'iel (7). That 
grinding the tissue thre)Ugh the fooel che)|)pe'r hael no e'lfe'ct ein the ra te 
e)f e)xielation e)f the' asceirbic aciel was she)wn by using ripe pe'ache's in 
whiedi the juice' coulel be hanel-pre'sse'el without cutting e)r grineling. 
ITand-pre'sse'd juice gave' the same ae'tivity as eliel the juice' lVe)ni similar 
tissue gre)unel in the' foe)el ediopper be'fe)re' pre'ssing. 

That the oxidation e)f the^ ascorbic aciel was elm' te) an eixidizing 
enzyme anel not to ce)pper or othe'r me'tals jire'se'iit in the' juice is she)wn 
by the', icsults of an e'xpe'riine'nt (table 4) in which the' oxielase activity 
of the same enzyme' preparations was dete'rmineel at various inte'rvais 
of time. The euizyme solutions we'ie lu'ld in stoppe'ieel Eilenme've'i* 
flasks at re)e)ni te'inpe'rature throughout the' te'st. If the' oxielatie)!! 
were due to copper, then with the ce)|)per conte'ut of the' juice' le'main- 
ing constant the' rate of eixidation of the substiate she)ulel alse) remain 
constant; but if the oxidation we're due to an e'nzyme', the* e'nzyme* 
gradually woulel be de'stroye'd with standing, anel the* rate e)f oxielation 
should decrease. The data in table 4 show that the* ability te) oxielize* 
the substrate diminishe^s with time. This woulel inelicate* that the* 
oxielation is emzymic in character. 

Other indie'.ations that the oxielatie)n is elue* to an e'nzyme* anel not 
to e'e)pper that might be ])re^s('nt in the' juie'e* are give'u in table 8 anel 
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on piig(‘ 93. The addition of boiled juice (table 3) would not be ex- 
pected to exert a protective action on the copper but might be 
('xp(‘cted to do so with enzymes. Also, the copper content being 
constant, the amount of oxidation would be expected to rc'inain con- 
stant during c‘C|ual int(‘rvals of time. That such is not the case is 
shown on page 93. 

COMPAUATIVE EFFECT OF DIFFERENT SUBSTRATES ON THE OXIDASE ACTIVITY OF 
VARIOUS PLANT PRODUCTS 

Th(' r(*lative oxidas(‘ activity of various plant products was (hder- 
miiH'd witli ascorbic acid substrate and with th(‘ glucose-derivative 
substrate* ])r(‘par(*d as r('Coininend(*d by Guthrie (r^). Tln^ n'sultsare 
given in table T). 


'Papi.e 4 . — hjffecl of time on oxidafir acfivihi 


'Pirne elapsed after preparation 

Oxidase activity (N/lon 

N 028203 ) of- - 

Delicious 
appie juice 

Golden Deli- 
cious apple 
juice 

2 hours. 

('c. 

1). 6 
6. 7 
2. I 

0 

Cc. 

8.0 

fi.2 

3.8 

.6 

2fi hours 

4.1 hours - ... 

16 (lavs* -- 



I Slight growth of inolO in solution.s at this time. 


Table 5 . — Oxidase activity of various plant products as influenced 
by the. kind of substrate 


Source of enzyme 

Oxidase activity 
(N/l(X)Na 2 S 20 ;,) 

Source of enzyme 

Oxidase activity 
(N/ 100 Na 2 S 2 Oj 

Material 

Quan- 

tity 

Ascor- 
bic acid 
sub- 
strate 

Glucose- 

deriva- 

tive 

sub- 

strate 

Material 

Quan- 

tity 

Ascor- 
bic uci<l 
sub- 
strate 

Glucase- 

derixa- 

tive 

sub- 

strate 


CV, 

Cc. 

Cc. 


Cc. 

Cc. 

Cc. 

Winesap apple juice (fruit). 

2 

7.1 

3.9 

Gan talon r)e juice (melon). 

10 

0.7 

0.0 

Red Koine' apple juice 




Lettmre juice (head) 

2 

0.2 

2.0 

(fruit) 

f) 

8 . 1 

.5.5 

Cucumlier juice (fruit) 

2 

20. 1 

1.5.5 

Bose pear juice (fruit) — 

2 

2.3 

1.0 

Watermelon juice fred 




Bartlett pear juice (fruit) 

2 

4.0 

1.7 

meat) 

10 

0 

0 

Peaoh juice (fruit) 

6 

12.8 

5.7 

Orange juice (fruit) 

10 

0 

0 

Plum Juice (fruit) 

.1 

15.4 

7.7 





Potato juice (tuber) 

2 

24.0 

15. 5 

Average 


0.52 

3.28 


r, 

1 4 

1. 1 





\ /TjIOiI J UICI 3 ^ liUlt .-j 

Carrot juice (root) 

6 

8 . .3 

L3 

Average increase over 




Radish juice (root) 

r, 

0 

0 

glucose-derivative 


Percent 


Cabbage juice (head) 

2 

1.0 

.8 

substrate 


98.7 


Water suspension of— 








Dried cherry bark 

2 

1.2 

0 





Do.. 

4 

2.0 

.4 





Fresh cherry bark 

6 

2.4 

.3 






It is interesting to note that the average oxidase activity of these 
various plant products was 98.7 percent greater with the ascorbic 
acid substrate than with the sugar-derivative substrate. This greater 
activity is especially important where the amount of enzyme activity 
is small. In some cases where no activity was evident with the glu- 
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COSO-derivative substrate, definite activity was shown with the ascor- 
bic acid substrate. That the ratio of activity for tlie substrates did 
not remain constant with different enzyme preparations was probably 
due to the varying amounts of the injurious substances in th(» sugar- 
derivativ(^ substrate or to the relative immunity of the various prep- 
arations to injury from such substances. Table 3 shows that tJie 
sugar-derivative substrate was more injurious to the enzyriK^ than was 
the ascorbic acid substrate. 


DISCUSSION 

Jn the determination of ascorbic acid in plant tissue's by dichlor- 
phenolindoplu'-nol or otlu'r cJu'inical nu'ans it is often lu'ce'ssarv to 
inactivate' the plant oxielase^ to pre've'nt the ascorluc acid from be*ing 
oxidize'el to de'hyelroasceirbic acid, which is biologically active' but eloe's 
not re'act with the' elichlorphe'nolinelophe'iiol dye', l^lants elitlcr (‘ein- 
sideuably in the rate at wliich this change' take's place'. Steine (7/) 
coneduded that it was a (jue'stion of ase'orbic aciel oxielase. If the^ 
oxidase was pre'sent the plant lost the indophenol-reelucing power on 
mincing; if the oxidase was absent the indophe'nol-reducing power 
remained. 

Several workers 05, 6', 11, i5) liave reported the presence of 

an ascorbic acid oxielase' tliat can oxielize ascorbic acid. Szent-Gydrgyi 
{13), the first to note this property, states that the hexuronic aciel 
(ascorbic acid) oxielase is not a single enzyme but apparently involve^s 
a number of catalysts. Taube'r e't al. {15) isolated an ascorbic acid 
e'nzyme from the' pericarp e)f Hubbard squash which gave none of the 
color reactions that otheu' eixidase's give with such reagents as benzi- 
dine, guaiacol, pyrogallol, catechol, phloroglucinol, re^sorcinol, napli- 
thoresorcinol, or vanillin. Nor did it affect glutathione, cysteine, 
tyrosine, adrenalin, eir glucose' boile^d with alkali, and its kinetics 
indicateel a single e'nzyme. Howeveu*, the'y founel practically no 
ascorbic acid, reduceel or oxielize'd, in the fruit, so the' role of tliis 
enzyme in the' physiology of the plant reunaineel obscure. 

Copper catalyze's the oxielation of ascorbic acid very readily, anel 
precautions must be taken to preve'iit it fremi oxidizing the ascorbic 
acid in the dichlorplu'nolinelophenol method of analysis (7). Stotz 
et al. {12) studied the^ role oi copper in the ascorbic aciel oxidase from 
squash and cauliflower anel reporte>el that the copper content was 
sufficient to account for the obse'rved catalysis and that the greater 
part of the copper in such preparations was founel in the coagulated 
protein upon he'at inactivation. Additional results strengthened the 
indication that ceipper was responsible for the' oxidation of the ascorbic 
acid. Stotz et al. {12) denied miy neeel for using such te'rms as 
“ascorbic acid oxidase,” “vitamin C oxidase,” or “hexuronic aciel 
oxielase,” at least in the sense that tlie'y have been useel in the past. 

However, it is generally recognized, and the work reported herein 
empliasizes, that there are certain plant enzymes that are capable of 
oxidizing ascorbic acid. These same enzyme preparations oxidize 
the degradation products formed when glucose is heated with an 
alkali, and thus seem to be the same as or closely associated with 
indophenol oxidase {8), Indirectly, those results would support 
Stotz et al. {12) in their belief that no special “ascorbic acid oxidase” 
is necessary to account for tlie oxidation of ascorbic acid. 
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SUMMARY 

The use of ascorbic acid as a substrate in oxidase measurements is 
suggested. The effects of various factors, including the pll value of 
the substrate, concentration of the substrate, and concentration of the 
enzyme, were determined. Ascorbic acid was shown to be less in- 
jurious to the enzyme than a glucose-derivative substrate. In the 
case of numerous plant, products, the oxidase activity with an ascorJ)ic 
acid substrate averaged 98.7 percent peater than with a glucose- 
derivative substrate. This greater sensitivity should permit measure- 
ments of smaller changes in oxidase activity of fruits in storage. It 
should tind application in investigations not only of soft scald l)ut also 
of certain other physiological diseases wherein oxidative^ changes 
may be a causative factor. Data, are included to show that the 
oxidation of the ascorbic acid is enzymic and not metallic. 

Ascorbic acid substrate possesses the following advantages over a 
gliK^ose-derivative substrate: (1) Ascorbic acid is a definite (^hemieal 
compound available in pure form; (2) it is more readily oxidized, 
enabling the investigator to note smaller differences in enzyme 
activity; (3) it is water-clear in solution, facilitating titration; (4) it 
is less injurious to the enzyme; and (5) its use as a substrate saves 
time, since ascorbic acid is readily soluble in water and a fn^sh solu- 
tion may be prepared in a few minutes. 

LITERATURE CITED 

(1) Bohsook, Henry, Davenport, Horac^e W., .Ieffreys, Cecil E. P., and 

Warner, Robert C. 

1937. THE OXIDATION OF ASCORBIC ACID AND ITS REDUCTION IN VITRO 
AND IN VIVO. Jour. Biol. Cheni. 117: 237-279. 

(2) Falk, K. George. 

1924. THE CHEMISTRY OF ENZYME ACTIONS. 2d and TOV. od., 249 pn.. 
ill US. New York. 

(3) Guthrie, John D. 

1930. AN lODIMETRlC METHOD FOR DETERMINING OXIDA.SE ACTIVITY. 

Anier. Cliem. Sue. Jour. 52: 3614-3618, illus. 

(4) Harvey, R. B. 

1920. APPARATU.S FOR MEASURING OXIDASE AND CATALASE Af’TIVITY. 
Jour. Gen. Physiol, 2: 253-254, illus. 

(5) Johnson, S. W., and Zilva, S. S. 

1937. THE OXIDATION OF L-ASCORBIC ACID BY PLANT ENZYMES. Bio- 

* cliem. Jour. 31 : 438-453. 

(6) Kertesz, Z. T., Dearborn, R. B., and Mack, G. L. 

1936. VITAMIN C IN VEGETABLES. IV ASCORBIC ACID OXIDASE. Jour. 

Biol. Chem. 116: 717- 725, illus. 

(7) Mack, G. L., and Kertfisz, Z. I. 

1936. VITAMIN C IN VEGETABLES. Ill THE OXIDATION OF ASCORBIC ACID 

BY METALLIC CATALYSTS. Food Rps. 1 : 377-382, illUK. 

(8) Menaker, M. H., and Guerrant, N. B. 

1938. STANDARDIZATION OF 2,0-DICHLORPHENOLINDOPHENOL. AN IM- 

PROVED METHOD. Indus, and Kn^in. (3ioni., Analyt. Fd. 
10: 25-26, illus. 

(9) Moll, Th., and Wieters, H. 

1937. DEHYDBOAScoRBic ACID. E. Mcrck^s Jahresber. 50: 65-87. [Re- 

viewed in Merck Rpt. 46 (2) : 4-6.] 

(10) Onslow, Muriel Wheldalb. 

1929. practical plant biochemistry. Ed. 3, 206 pp., illus. Cam- 
bridge, England. 

(11) Stone, W. 

1937. ascorbic * acid oxidase and the state op ascorbic acid IN 
vegetable tissues. Biochem. Jour. 31 : 508-512. 



Jan. 1/), 1940 J^se of Ascorbic Acid in Oxidase Measurememis 99 


(12) Stotz, Klmer H., Hauuer, C-arter J., and King, C. G. 

1937. THE (’HEMK’AL N.\TITHE OK “ASt’ORHlG \V\T) OXIDASE.” ScionCO 
S(): 35. 

(13) SzENT-GvcniGYi, Albert. 

1930. ON THE MEGHANISM OF B10L0<J1(’ A 1. OXIDATION AND THE FUNCTION 

OF THE SUPRARENAL GLAND. SCUMICU 72: 125-120. 

(If) 

1931. ON THE FUNCTION OF HEXURONK’ ACID IN THE RESPIRATION OF THE 

(’ABBA(JE LEAK. .loui*. Hiol. C^iciii. 90*. 385-393, ilhis. 

(15) 'rAUHER, Henry, Kleiner, Israel S., and Mishkind, Daniel. 

1935. ASCORBIC A(’ID (VITAMIN c) OXIDASE. .loUT. Hiol. GllClH. 110: 211 
218, illns. 

(10) Waksman, Sklman A., and Davison, Wilburt V. 

1920. enzymes; properties, distribution, methods and application. 
304 pp., illiiK. Haltiinoro. 




EFFECTS OF VARIOUS AMOUNTS OF NITROGEN, POTAS- 
SIUM, AND PHOSPHORUS ON GROWTH AND ASSIMI- 
LATION IN YOUNG APPLE TREES ‘ 


By L. P. Batjer, pomologisl^ and E. S. Decjman, aHsociate pomologisi, Division of 

Fruit and Vegetable Crops and Diseases^ Bureau of Plant Industry, United 
tales Depart in eid of A gr ic u It u re 

INTRODUCTION 

During the past 25 years it has become generally recognized in the 
United States that most commercial apple orcliards require rather 
liberal applications of nitrogenous fertilizers to maintain them in 
optimum production. Experimental results relative to the need for 
potassium and phosphorus have been less conclusive. Some investi- 
gators have reported deiinite benefits from the use of potassium 
(10, while many others have observed no beneficial results from 
its use (2, 9), Since ])ota,ssium-deficiency symptoms rarely have been 
observed on apples in this country, the assumption is generally made 
that soils contain a sufficient amount of this element to meet the needs 
of apple orchards. 

It IS generally agreed that fruit soils of the United States have a 
sufficient supply of available phosphorus to meet tree requirements. 
Although there are a few instances on rec^ord that suggest a benefit 
from phosphorus (8), there is no evidence that apple orchards usually 
respond to applications of phosphorus. 

Several investigators have estimated the relative intake of nitrogen, 
phosphorus, and potassium by apple trees. Van Slyke, Taylor, and 
Andrews (13) estimated the proportion for bearing trees as 4 parts 
nitrogen (N 2 ), 1 part phosphorus pentoxide (P 2 O 6 ), and 4 parts potas- 
sium oxide (K 2 D). This would approximate 9 parts nitrogen, 1 part 
])hosphorus, and 7 parts potassium. Heini(’ke (0) reports a relation- 
ship for heavily bearing trees of 8.9 nitrogen, 0.5 phosphorus, and 8.5 
potassium, or a ratio of approximately S : 1 : 7. Thomas (12) re- 
ported for nonbeariiig ajiple trees receiving an N-P-K fertilizer 
treatment in cultivation a ratio of 5.72 N 2 , 1.0 P 2 O 5 , and 4.44 K 2 O, or 
approximately 18 nitrogen, 1 phospliorus, and 8 fiotassium. 

The above-mentioned investigations dealt with the level of nitrogen, 
potassium, and phosphorus found in the tissues of apple trees, but this 
level may not necessarily rcprestuit the ratio recpiired for optimum 
growth. To study further the recjuirement of young apple trees for 
these tliree elements and to determine symptoms of moderate short- 
age, all experiment was set up in the greenhouse with trees grown in 
sand cultures. The studies herein reported describe the eflect of 
different concentrations of nitrogen, potassium, and phosphorus upon 
tree growth and photosynthetic activity of the leaves. 
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EXPERIMENTAL PROCEDURE 

Oil February 5, 1937, seventy-two 1-year whips of York Imperial 
apples, ^raftecl on French seedlinjj: piece roots, were carefully selected 
for iiniforinity in the nursery row and were brou^dit to tlie f^reen- 
boiise for potting. These trees were cut back to two buds above tlie 
graft union, and the roots were severely pruned in order to remove as 
much storage tissue as possible. Each tree, after being weighed, 
was planted in a 3-gallon glazed eartheTiware crock, in pure waslunl 
sand ground to medium fineness. A piece of glass tubing, fitted to a 
bole in the base of each crock, provided drainage. Distilled water 
was supplied to all trees until February 25. At that time tlie buds 
had developed into shoots approximately 2 inches long. Each tree 
was trained to a single slioot, and differential treatment was begun. 

Full details of the nutrient solution used are given in table 1. Six 
trees received a complete nutrient solution (table 1, treatment A), 
containing 1G8 p. p. m. (parts per million) of nitrogen, 117 p. p.m.of 
potassium, and 93 p. p. in. of phosphorus, besides an adec|uate con- 
centration of other elements generally recognized as essential for 
plant growth. This treatment represented the highest concentration 
of all three elements under consideration. The remaining (iff trees 
were divided into 3 series of 22 trees each, designated the nitrogen, po- 
tassium. and phosphorus series, respectively. Trees in each s(‘rieswere 
further divided into groups receiving treatments indicated in table 1. 
Four trees W(\re included in each treatment with the exception of 
treatments F, M, and S, these having two tnu^s each. In the nitrogen 
series the nitrogen content of the nutrient solution ranged f!‘om 0 to 
ffO p. p. 111. Likewise, in the phosphorus and potassium series, the 
concentration of these elements ranged from 0 to 40 and from 0 to 
ffO p. p, m., respectively. In all series, nutrient elements other than 
the one varied were kept at full concentrations. The reactions ()f 
the freshly prepared nutrient solutions, as determined with th(‘ (|uin- 
hydrone electrode, ranged from pii 5.9 t() pH (>.9. 

Two (jiiarts of nutrient solution, consisting of the previous day’s 
leaching made u|) to volume, was su|)plied daily to ('ach tice. Com- 
plete change of nutrient solution and (lu.shing of the sand w(*re effected 
(Mich week. 

,, Temperature and humidity conditions in th(‘ greenhouse when* 
these studies were conducted were subject to ratluM* wide (luctuations. 
An attempt w^as made during the first 2 months of the ex|)eriment to 
hold the night temperature to (>5° F., witli the day tem])era,ture 
between 75° and 80°. During the summer months, alternate stri[)s 
jiainted white on the greenhouse roof served to reduce th(^ daytime 
temperature. During this period temperatures generally ranged 
betwenm 80° and 105°. 

Application of nutrients was discontinued on September 29, 1937, 
and the trees were harvested November 20. Measurements were 
made on tree diameter, length of terminal growth, and total linear 
growth including laterals when present. Total green weight of top 
was also recorded. Samples of bark, leaves, wood, and roots were 
analyzed for total organic nitrogen (7, p. 20 \22]) and potassium. 
Samples for the last-named test were prepared for precipitation 
according to the method of Sideris {11), The method of precipitation 
w^as that of Wilcox {15),. 
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Table 1 . Composition of nutrient solutions * 
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' I)..') p. p. in. of tnuiiuanoso mid boron were supplied in all nutrient solution.*?, [ron was applied directly 
to the sand as ferric citrate. 

* Nutrient .solutions wen* made up in quantities of 18 to 21) liters; hence the quantities of .stock .solution 
per liter are reported to the third decimal. 


In order to obtain a measure of the relative rate of growth and 
ultinnite leaf size, daily leaf-area ineasurements were made on selected 
leaves from shortly after the time of unfolding until tliere was no 
further increase in area. For this purpose, two newly formed leaves 
on each tree were ta^f^ed durinj^ May and early dune and daily 
measurements were made l)y tracinjx the outlines of the leaves on 
|)a|)er. A |)lanimeter was used to determine tlu' area. 

IMiotosynthetic measurements were made accordinjj: t.o the method 
of Meinicke and llolfman (7) on individual haivf's of typical i)lants. 

KXPEKIJVllONTAL RESULTS 

NITHOGKN SKHIKS 

Typical trees of the nitrogen series jihotographed on August Id, 
are sliown in figure 1. These j)ictures show clearly that, as the 
nitrogen level was increased in the jmtrient solution, growth was 
correspondingly increased. Trees grown without nitrogen were 
characterized by rather sliort, slender stems bearing small yellowish- 
green leaves with reddish-colored petioles that formed relatively nar- 
row angles with the stem. As the nitrogen content of tlie nutrient 
solution was increased, these characteristics became progressively less 
pronounced. Terminal bud formation on main shoots had not 
occurred on trees receiving treatments A, B, and C at the time of 
harvest (November 20), wdiile terminal elongation of trees receiving 
treatment G had ceased as early as June 2, followed by similar cessa- 
tion of growth in trees receiving treatments F, E, and D in the order 
mentioned. 
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Average growth measurements of trees in the nitrogen series are 
recorded in table 2. As determined by weight of tops, height of tree, 
growth of laterals, total Ihiear growth, and diameter of stem, growth 
was significantly reduced with decreasing supplies of nitrogen in the 



Figure 1. — T^^pical apple trees grown with various amounts of nitrogen in the 
nutrient solution: Ay 168 p. p. m.; By 60 p. p. iii.; C, 30 p. p. in.; A 15 p. p. m.; 
Ey 5 p, p. m. ; F, 2 p. p. m. ; 6r, 0 p. p. m. 


nutrient solution. The data clearly indicate that under the condi- 
tions of this experiment nitrogen was a limiting factor in growth when 
supplied in amounts less than 60 p. p. m. Since considerably less 
difference in growth, as measured by weight of tops, resulted from 
reducing nitrogen from 168 to 60 p. p. m. than from 60 to 30 p. p. m., 
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it is probable that, with the apple, concentrations above 60 p. p. m. 
approach the luxury range for this element. Reduction below 60 
p. p. in. of nitrogen in the nutrient solution reduced the amount of 
growth almost quantitatively. The greatest growth-rate increase, as 
measured by weight of tops, was obtained when the nitrogen level of 
the nutrient solution was advanced from 15 to 30 p. p. m. 


Table 2 . — Effect of different concentrations of nitrogen, potassium, and phosphorus 

on growth of apple trees 
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(Ie.signation 
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» Diflorenoos botwo<ui moans nvjuirod for siunificanoo aw^ording to Kislior’s U) method of anaylsis of 
variamro aro as follows: NitroRon sorioa, 52.9; phosphorus serios, (Kl.5; potassium s<^ries, f)4.8. 

2 AvoraRo of 24 or more dotormiuations on 12 typical leaves of each troatmont. 

Control (full nutrient solution). 

The cumulative area of typical leaves of the nitrogen series is 
graphically illustrated in figure 2, wliich shows tliat the rate of growth, 
as well as the ultimate size, was markedly aiTected hy the amount of 
nitrogen supplied in the nutrient solution. It is interesting to note 
that with all treatments approximately the same amount of time (12 
to 15 days) was required for the loaves to reach maturity. It should 
be pointed out that the differences in leaf area represented in figure 2 
aro relative values for loaf growth at the time these measurements 
were made and are not representative of the entire leaf system of the 
trees. Difference between treatments in leaf size was considerably 
less earlier in the season because of the nitrogen reserve in the plant 
tissue prior to differential treatment. The no-nitrogen treatment is 
not included in figure 2 because terminal bud formation was under way 
when these measurements were started. 

Not only was the total leaf area greater with increasing nitrogen 
supplied in the nutrient solution, but the apparent rate of photosyn- 
thesis per unit area was also greater (table 2). Carbon dioxide as- 
similation was measured simultaneously on representative leaves of 
^trees receiving each treatment. The values in table 2 are averages 
of 24 or more determinations on 12 typical leaves for each nitrogen 
concentration. These data show that the rate of apparent photo- 

219341—40 3 
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synthesis was roughly proportional to the amount of nitrogen sup- 
plied, and that the average assimilation of leaves receiving 168 p. p. m. 
of nitrogen was 3.5 times that of leaves receiving no nitrogen. Sig- 
nificant dilTerences were also obtained between treatments relatively 
high in nitrogen. Thus it may be seen that leaves receiving 60 p. p. in. 
assimilated 44 percent more carbon dioxide than leaves receiving 30 


P- P* 

Childers and Cowart (3) report similar results between assimilation 
rates of trees receiving full nutrient solution as compared with no- 
. nitrogen treatments. 

Heinicke and Hoirman 
> comparing light- and 
dark-green leaves under 
— field conditions, obtained 
three times the c.arbon 
dioxide assimilation in 
the case of tlie latter. 



■ 


roTASSIUM SEKIES 

— Typical tr(M‘s of the 
potassium series are 
shown in figure 3. It is 
to be seen here that a, 
direct rela tionshi]) 
existed between the 
amount of potassium 

supplied in the nutrient 

solution and growth 
response. 

Trees receiving no po- 
tassium exhibited d efin ite 
zp.p,m. deficiency symptoms by 
early May. The lower 

leaves of these trees 

became light green in 
color, and later devel- 

oped a rather pronounced 

le 20 22 24 26 28 30 I 3 5 ClllorOsis. Tlfis COlldi- 

»<'ay JUNE tion, in turn, was 

Figure 2. — Cumulative area of typical leaves of followed by typical 
apple trees _ grown with various amounts of scorching around the leaf 
nitrogen in the nutrient solution. • t 4. : 4.1 

margins. Later in the 

season the lower leaves of trees receiving the 2- and 4- p. p. m. 
treatments developed typical marginal scorching. 

Growth measurements of trees in the potassium series are included 




in table 2. The trend of all measurements was strikingly similar to 
that in the nitrogen series. Growth, measured by weight of top, 
length of shoots, and diameter of stem, was roughly proportional to 
the amount of potassium supplied in the nutrient solution. The 
greatest increase occurred between 4 and 10 p. p. m. Even though 
visible symptoms of potassium deficiency did not occur on trees 
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receiviiig 10 p. p. m. or more, growth increased with increasing con- 
centrations. 

The effect of the/ potassium treatment on the gi'owth of young 
leaves in early June is grapliically illustrated in figure 4. The'cfi’ect 



Figure 3. — Typical apple trees grown with various amounts of potassium in the 
nutrient solution: 117 p. p. m.; N, 60 p. p. m.; 0, 30 p. p. m.; P, 10 p. p. m.; 
Of 4 p. p. in.; Rf 2 p. p. m.; Sf 0 p. p. ni. 


is less pronounced than in the nitrogen series, hut the trend is the same. 
However, it will be noted that, at a concentration of 30 p. p. rn. or 
»less, the rate of growth and ultimate size of leaf are considerably 
greater than in leaves receiving the same concentrations of nitrogen. 
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PHOSPHORUS SERIES 

Decreasing amounts of phosphorus supplied in the nutrient solu- 
tion had no effect on tree growth (fig. 5) until a concentration of less 
than 4 p. p. m. was reached. At 2 p. p. m. of phosphorus, the trees 
did not exhibit any of the usual deficiency symptoms; however, the 
growth measurements show a significant downward trend as com- 
pared with those of trees receiving higher concentrations of the ele- 
ment (table 2 and fig. 6). The no-phosphorus trees were typically 

short and wslendcr, with small 
(lark-green leaves of a purplish 
cast. Symptoms closcdy reseni- 
bl(^(l those of the no-nitrogen 
tro("S except for the color of 
foliage. 

These n^sults indicates tliat 
the phosphorus requireimuit of 
apple tr(K>s is very low as (iom- 
])ared with the requirements for 
nitrogen and potassium. Ih'- 
causc of the numerous failuri's 
to obtain response to phos- 
phorus under field conditions, 
it would seem that soils gener- 
ally luive available a sufficient 
su])ply of til is elenunit to meirt 
the ndatively small needs of tlui 
apple tree. 

NITROGEN AND POTASSIUM 
ANALYSES 

The nitrogen and potassium 
analyses of plant tissue in tlui 
nitrogen and potassium seric's 
are summarized in table 3. In 
the nitrogen series the nitrogen 
content of both leaf and bark 
tissue is directly reJated to the 
concentration of this (?lement 
in the nutrient solution. With 
wood and root tissue, some dis- 
crepancies are apparent but thc^ 
trend is roughly the same. 



Ficujke 4 . — Cuimilativo area of typical 
leaves of apple trees grown with various 
amounts of potassium in the nutrient 
solution. 


Likewise, in the potassium series the potassium content of the tissues 
generally increases with increasing concentrations of this element in 
the nutrient solution and in turn is directly associated with growth 
response. 

The data in table 3 show clearly that the potassium content of 
leaves and bark in the nitrogen series and the nitrogen content of these 
tissues in the potassium series are independent of differential treat- 
ment. Thus it may be seen that the potassium content is virtually 
constant throughout the nitrogen series. Similarly, the nitrogen' 
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content of the leaves and bark in the potassium series is relatively 
constant, with the potassium ranging from 0 to 117 p. p. m. It would 
therefore seem that within the limits of these concentrations there 
does not exist an unfavorable balance between nitrogen and potassium. 



Figure 5. — Typical apple trees grown with various amounts of phospliorus in 
the nutrient solution: A, 93 p. p. m.; 40 p. p. ni.; /, 20 p. p. m.; TO p. p. 

in.; Ky 4 p. p. m.; L, 2 p. p. m.; 0 p. p. m. 

LEAF ASSIMILATION AS AFFECTED BY INCREASING THE NITROGEN CONTENT OF 

THE NUTRIENT SOLUTION 

On August 23, after terminal growth hud ceased at the low er nitrogen 
levels, two trees from each of the 2-, 5-, and 15-p. p. rn. treatments 
of the nitrogen series (fig. 7) were selected for determining the efl’cct 
of increasing the nitrogen content of the nutrient solution on carbon 
dioxide assimilation. Preliminary measurements (table 4) were made 
simultaneously on selected leaves of each tree to determine the relative 
rate of carbon dioxide assimilation. On August 28, one tree of each 
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pair (trees 4, 2, and 6) received a complete nutrient solution contain- 
ing 168 p. p. m. of nitrogen. The other tree of each pair (trees 3, 1, 
and 5) continued to receive the usual treatment. From August 31 
to September 29, three series of determinations were made wliich are 
suminarized in table 4. A typical tree, receiving a complete nutrient 
solution (168 p. p. m. of nitrogen) throughout tlie season, was in- 
cluded in this experiment to serve as a basis for comparison. 



JUNE 

Figure 6. — Cumulative area of typical 


The foliage of all trees receiv- 
ing full nutrient solution on 
August 28 became noticeably 
greener within a few days afteV 
the application was made. 
From August 31 to September 8 
there was a definite increase in 
rate of photosynthesis of these 
trees as compared with their 
companion trees, which con- 
tinued to receive the usual 
concentration. During this 
period, tree 6, whicli formerly 
received 2 p. p. m. of nitrogen, 
more than doubled its rate of 
assimilation as comiiared with 
its control (table 4). The 
da ta in table 4 clearly show tluvt 
in all (‘a-ses the ra te of assimila- 
tion of the foliage wais increased 
by increasing tlie nitrogen 
content of the nutrient solution. 
Approximately 1 month after 
additional nitrogen was added, 
the photosynthetic rate of tree 6 
had increased more than three- 
fold as compared with tree 5. 
Tree 2 had almost doubled its 
rate, and tree 4 had increased by 
two-thirds as compared with 
its companion tree. Heinicke 
{5) reports similar increases in 
assimilation as a result of late 
summer applications of nitrogen 
under field conditions. Besides 


leaves of apple trees grown wuth vari- 
ous amounts of phosphorus in the nu- 
trient solution. 


a large increase in rate of assimi- 
lation the foliage of trees receiv- 
ing the full nutrient solution 


after August 28 was still active several weeks after their companion 
trees were completely defoliated (fig. 8). 


The increase of nitrogen intake as a result of increasing the supply 
of nitrogen in the nutrient solution is clearly indicated in table 4. 


On September 28, tlie nitrogen content of the foliage of trees 2, 4, 
and 6 had equaled or exceeded that of tree 7, which had received a 
full nutrient solution throughout the season. It is interesting ta 
note (table 4) that the rate of increase (as compared with their com- 
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panioii trees) in the nitrogen content of tlie leaves of these trees was 
closely proportional to the percentage increase in assimilation. Tree 
2 had a nitrogen content of 1.9 times that of its companion tree (table 
4) and it also assimilated 1.9 times as much carbon dioxide (table 4, 
September 20 to 29) as its companion tree. Trees 4 and 6 sliow simi- 
lar rela,tionslii[)s between nitrogen content of foliage and rate of 
assimilation as compared to their respective companion trees. 


Table 3. — Summary of nitrogen and potassium analyses 


Series and treatment 
designation 

N 

contained 

in 

nutrient 

.solution 

contained 

in 

nutrient 

solution 

N content of— 

K content of— 

Leaves, 

Oct. 

20 

Hark, 

Nov. 

20 

Roots, 

Nov. 

20 

Wood, 

Nr»v. 

20 

Leaves, 

Oct. 

20 > 

Bark. 

Nov. 

20 

Nitrogen .series: 

J*. p. in. 

P. p. in. 

PercfMl 

Percent 

Percent 

Percent 

Percent 

Percent 

A 2 

1(\H 

117 

1. 8.')0 

1.488 

1. 200 

0. 000 

2.31 

1.049 

U. . 

(iU 

117 

1.702 

1. 179 

. 030 

. 307 

2. 30 

1. 003 

C..„ . . 

30 

117 

l.:W2 

1. (H)8 

1.072 

.340 

2.29 

1. 122 



Ifi 

117 

1.229 

. 939 

1.107 

.309 

2. 30 

1. 144 

E 


117 

1. 148 

. 801 

. 70.3 

.310 

1.93 

.801 

F 

2 

117 

. 940 

. 770 

.948 

.310 

2.00 

1. 018 

0 

0 

117 


. r.73 

. 307 

. 182 



Potassium series: 









A 2.. . . 

108 

117 

l.H.'iO 

1.488 



2.31 

1.049 

N 

108 

00 

1.839 

1.410 



1.90 

.903 

() 

108 

30 

1.819 

1.081 



1,{)9 

.810 

■ P, . 

108 

10 

1.814 

1,401 



.83 

. 082 

Q 

108 

4 

1.780 

1. 091 



.08 

.740 

H.... . 

lets 

2 

1.049 

1.787 



. 00 

.712 

S 

108 

d 

1.020 

2. 084 



. 3:{ 

. 039 











• DillereneoiS bt*! ween leaf vuliies of diiTereiJt treatments re(iuir«<l for si^^ni^U•an^•e, uecording: to Fisher’s (4") 
method of analysis of variance, are a*-' hdlows: IMitroReti series, 0.121 for nitna'tni and 0 .T22 for potassium; 
jjotassium series. 0.21S for nitropen and 0.22H for potassium. 

» ('ontrol (full nutrient solution). 


Table 4. — Effort of nitrogen increase in nutrient solution on nitrogen content and 
CO2 assimilation of apple leaves 



Nitrogen 

in 

nutrient 

Nitrogen 

in 

nutrient 

C02a.s- 

COo a.ssimilated 2 

Nitrogen content ® of— 

Tree No. 

si in Hated 
I)er KKi 
cm. 3 Aug. 
23-281 








.solution 

solution 









j)ri()r to 

after 

Aug. 31- 

Sept. 9- 

Sept. 

Leaves, 

lllark. 

Wood, 

Roots. 


Aug. 28 

Aug. 28 

Sept. 8 , 

18 

20-29 

Sept. 28 

Nov. 20 j 

Nov. 20 

Nov. 20 


P. p. m. 

P. p. m. 

Mg. hrs. 

Percent 

Percent 

Percent 

Percent 

\ Percent 

Percent 

Percent 

7 

108 

108 

\ 10. 0 

121.7 

122.0 1 

140.0 

2. 10 

1.00 

0. 07 

0. 91 

3' 

10 

10 

1 11.4 

120. 3 

122. 4 

99. 7 

1.37 

.77 

.28 

1. 19 

4 

10 

108 

1 9.0 

140. 7 

157. 2 

100. 3 

2. 07 

2. 19 

.80 

1.04 

1 

0 

0 

9.3 1 

110.3 

90.0 

100. 0 

1. 10 

.81 

..34 

. 77 

2 

0 

108 

1 7.0 ' 

140. 0 

172.0 

199. 7 

2. 18 

t 1.00 

. 90 

1.72 

0 , 

2 

2 

4.2 

81.0 

72.2 

08. 7 

.94 

.70 

.23 

.91 

0 . 

2 

108 

1 4. 3 

109. 3 

272.8 

230. 0 

2.58 

1.88 

.89 

1.54 






‘ Each value is an average of 6 determinations made <»n 2 leaves of each tree. The same 2 leaves on each 
tree were used throughout the test. 

Expressed as percentage of CO3 assimilated from Aug. 23 to 28. 

3 Percentage of dry weight. 

Data on nitrogen content of bark, wood, and roots of trees included 
in this experiment are shown in table 4 and clearly indicate large 
increases in nitrogen content of these tissues as a result of nitrogen 
increase in the nutrient solution. Tree 7 was still making active ter- 
minal growth at the time these samples were taken, which perhaps 
^accounts for the relatively low nitrogen content of the wood and roots 
^of this tree. 
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Figukb 7. — Apple trees grown with various amounts of nitrogen in the nutrient 
solution; treatment D, 15 p. p. m. (trees 3 and 4); treatment E, 5 p. p. in. 
(trees 1 and 2); treatment F, 2 p. p. rn. (trees 5 and 6). Photographed Aug- 





Figure 8 . Same trees as shown in figure 7. Trees 4, 2, and 6 received com- 
plete nutrient solution beginning August 28. Photographed September 29. 
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DISCUSSION 

It should be emphasized that tlie concentration of nutrients used in 
these tests represents tlic amounts in the water added to the sand. 
Since many orchard soils hold from 20 to 30 percent of water, it seems 
[irobable that 15 p. p. m. based on a soil analysis would roughly ap- 
proximate 60 p. p. 111 . in the water as used here. 

Under the conditions of this test, significant diirerences in growth 
in the nitrogen series were obtained when the nitrogen .was reduced 
from 60 to 30 p. p. m. A slight increase in growth occurred between 
60 and 168 p. p. in., but this was less than was required for significance. 

Jn tin', potassium series, also, significant difFcrenccs in green weight 
of top occurred when the potassium content was reduced from 60 to 30 
p. ]). m. This would indicate that approximately similar concentra- 
tions of available potassium and available nitrogen are required for 
optimum growth of young apple trees. 

It is interesting to note the effect of nutrient concentration uiion 
lateral branching. In the nitrogen series the development of laterals 
did not occur below the 30 p. p. in. treatment; in the potassium series 
tliere was no branching below 10 p. p. m. 

The wide variation in the potassium content of the leaves of trees 
receiving different amounts of potash is particularly interesting. 
With 30 p. p. in. of potassium in the nutrient solution, leaves showed 
1.60 pt'rcent of potassium on a dry-weight basis. With this concen- 
tration in the leaves, growth was signilicantly reduced when all other 
nutricuits were available in ample quantities. The analyses of leaves 
from the 4-p. p. m. treatment showed a reduction to 0.68 percent of 
potassium on a. dry-weiglit basis. This wide fluctuation in the con- 
tent of the leaves from trees furnished with various amounts of this 
element suggests the value of determining the potassium content of 
the leaves as a measure of potassium availability under field con- 
ditions. In these tests, trees responded to additional potassium when 
leaf analyses showed 1 .69 percent of potassium present. It is probable, 
of course, that had the nitrogen also been reduced on these trees, no 
response from additional potash would have been observed. Under 
orchard conditions nitrogen is usually a limiting factor in obtaining 
maximum growtli, and response to potash applications could not be 
expected until the full nitrogen requirement had been supplied, unless 
the potash availability was extremely low. 

The fact that definite syn ptoms of potassium deficiency were not 
observed until the potash content of the nutrient solution was re- 
duced to less than 10 p. p. m. indicates that response to potash appli- 
(*.ations may be expected under some conditions where no visible 
symi)toms of deficiency can be observed. 

In the phosphorus series, significant reduction in growth of trees 
did not occur until the phosphorus content of the nutrient solution 
was reduced to less than 4 p. p. m. In the present work, the phos- 
phorus concentration required for optimum growth was approximately 
only one-fifteenth of the concentration required for nitrogen and 
potassium. Thus this study substantiates results of earlier workers 
in indicating that the phosphorus requirement of apple trees is very 
low as compared with nitrogen and potassium. ^ 

’^^he fact that the potassium concentration in the nitrogen series 
did not increase as growth of trees was reduced by lack of nitrogen 
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iTifUcjites that marked luxury storage of potassium under these con- 
ditions did not occur. Similarly, the fact that the nitrogen content 
of tlie trees in the potassium series where growth was reduced by 
lack of potassium did not increase significantly indicates that luxuiy 
absorption of nitrogen did not occur under these conditions. Neither 
live alisorption of nitrogen in the potassium series nor the absorption 
of ])ota-ssium in the nitrogen series was appreciably affected by 
varying the concentration of the other element. 

The results of photosynthetic measurements on the trees in tlic 
nitrogen series substantiate results of earlier work in showing a 
marked decrease in photosynthetic activity of the leaves under re- 
duced nitrogen conditions. The photosynthetic measurements on 
the tre(>!S in the potassium series indicate that the effects of decreased 
potassium on leaf efliciency are similar to l)ut less marked than the 
(dfects of decreased nitrogen. 


SUMMARY 

One-year York Im|)erial apple trees were grown in the greenhouse 
in sand cultures in a study of tlie effects of various concentrations of 
nitrogen, potassium, and ])hosphorus upon growth response and 
photosynthetic activity of leaves. The following concentrations were 
used: Nitrogen, 0, 2, 5, 15, 30, 00, and 108 p. p. m.; potassium, 0, 2, 
4, 10, 30, 00, and 117 p. p. m.; and phosphorus, 0, 2, 4, 10, 20, 40, 
and 03 ]). ]). m. In all series, nutrient elements other than the one 
studied w(U‘e kept at full concentration. 

1Vees grown with nitrogen at 00 p. ]>. m. made somewhat less 
growth, as measured liy total linear growth and total fresh weight, 
than trees grown with 1 08 ]). p. m., though the differences were Jiot 
statistically significant, (k)ncentrations of nitrogen below 00 p. p. m. 
reduced the amount of growth almost quantitatively, the largest 
difference in growth resulting at concentrations between 15 and 
30 p. p. m. Potassium at 00 p. p. m. gave less growth than at 117 
p. p. m., and less growth with each decreasing concentration. The 
greatest difference in growth occurred between 4 and 10 p. p. m. 
Growth with 2, 4, 10, and 30 p. p. m. was not decreased as much as 
with corresponding concentrations of nitrogen. Definite deficiency 
symptoms in the potassium series did not occur on trees receiving 
1^ p. p. m. or more, although growth increased with increasing con- 
centrations until more than 60 p. p. m. were supplied. In the phos- 
phorus series, growth was approximately uniform in all treatments 
receiving 4 p. p. m. or more of this element. Only when phosphorus 
was completely lacking did visible symptoms of deficiency occur. 

The nitrogen and potassium content of the plant tissues, par- 
ticularly of the leaves and bark, increased with increasing concen- 
trations of these elements in the nutrient solution. The potassium 
content of leaves and bark in the nitrogen series and the nitrogen con- 
tent of these tissues in tlie potassium series were found to be inde- 
pendent of differential treatment. 

The rate of photosynthesis per unit of leaf area was markedly 
reduced in the nitrogen series with decreasing amounts of this ele- 
ment in the nutrient solution. A similar but less marked decrease 
occurred in the potassium series. A significant decrease in assimila, « 
tion occurred in the phosphorus series only with the complete absence 
of this element. 
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Trees grown at a low nitrogen level until the terminal bud had 
formed were supplied with a high nitrogen solution in late August. 
Carbon dioxide assimilated per unit area of leaf was measured pe- 
riodically prior to and immediately following the application of the 
higher nitrogen solution. Leaves became noticeably gi'cencr within 
a few days after additional nitrogen was supplied. C^arbon dioxide 
assimilatioTi j)er unit area of leaf significantly increased during this 
period, and 21 days after application of increased nitrogen it had 
doul)led in most cases. The increase in nitrogen cmitent of the 
loaves was closely correlated with the increase in assimilation. 

LITERATURE CITED 

(1) Association of Official Aohiccltuhal ('Memists. 

Jtrif). OFFICIAL AND TENTATIVE METHODS OF ANALYSIS. Compiled l)y tlu* 

coininiUeo on editiu^ iiKd.hods of analysis. Ed. 3, 593 ])p., illus. 
Wasliingion, 1). 

(2) ( UlANDLEK, R. F. 

1934. A STUDY OF TIIF. EFFE(’T OF VARIOUS POTASSIUM CARRYINO FER- 

TILIZERS UPON THE OltOWTH AND YIELD OF APPLES AND PEACHES. 

Amor. Ho(l Hort. 8ci. Proc. (1933) 30: 67-69. 

(3) (hiiLDERs, N. F., and C'owart, F. F. 

1936. THE PHOTOSYNTHESIS, TRANSPIRATION, AND STOMATA OF APPLE 
LEAVES AS AFFECTED BY CERTAIN NUTRIENT DKFICIBN(’1ES. 

Amor. Soc. Hort. 8ci. Proc. (1935) 32 (v. 33): 160-163. 

(1) Fisher, H. A. 

1936. STATISTICAL METHODS FOR RESEARIHI WORKERS. Ed. 6, rcV. aild 

enl., 339 pj)., illus. Edinhurgli and London. 

(5) II EINKfKE, A. .). 

1935. PIIO'I'OSYNTHESIS IN APPLE LEAVES DURINO LATE FALL AND FI'S 

SICNIFICANCE IN ANNUAL BEAIUNC. Allicr. 8oC. lioit. 8ci. 

Proc. (1934) 31 (v. 32): 77-80. 

( 6 ) - 

1937. SOME CULTURAL CONDITIONS INFLUENIUNO THE MANUFACTURE OF 

CARBOHYDRATES BY APPLE LEAVES. K. 8tatc lloH. 8oC. 

Proc. 82: 149-156. 

(7) • - and Hoffman, M. B. 

1933. THE RATE OF PHOTOSYNTHESIS OF APPLE LEAVES UNDER NATURAL 

CONDITIONS. PART I. N. Y. (Comoll) Agf. Expt. 81 a. Bui. 
577, 32 pp., illus. 

(8) PoiTER, G. F. 

1935. RESULTS OF INCORPORATI N(J A HEAVY APPLICATION OF SUPER- 
PHOSPHATE DEEPLY INTO AN ORC’HARD SOIL. AlUOr. 8oC. Hol’t. 

8ci. Proc. (1934) 31 (v. 32): 70-72, illus. 

(9) - -- and Percival, G. P. 

1938. AVAILABILITY TO APPLE TREES OF POTASSIUM APPLIED ON THE SUR- 

FACE OF SOD MULC’H ORCHARDS IN NEW HAMPSHIRE. AlllOr. 8oC. 

Hort. Sci. Proc. (1937) 34 (v, 35): 335 338, illus. 

(10) Shaw, J. K. 

1934. [fruit tree fertilizers.) Mass. Agr. Expt. 8ta. Bui. 305 (Ann. 

Rpt.) : 52-53. 

(11) Sideris, C. P. 

1937. COLORIMETRIC MICRODBTERMINATIONS OF COBALT AND POTASSIUM. 

Indus, and Kngin. Cheiu., Analyt. Pld. 9: 145 147. 

(12) Thomas, Walter. 

1933. ABSORPTION, UTILIZATION, AND RECOVERY OF NITROGEN, PHOS- 
PHORUS, AND POTASSIUM BY APPLE TREES GROWN IN CYLINDERS 
AND SUBJECTED TO DIFFERENTIAL TREATMENT WITH NUTRIENT 

SALTS. .Jour. Agr. Res. 47: 565-581, illus. 

(13) Van Slyke, L. L., Taylor, O. M., and Andrews, W. H. 

1905. PART I. PLANT FOOD CONSTITUENTS USED BY BEARING FRUIT TREES. 

» N. Y. State Agr. Expt. Sta. Bui. 265: [205] -223. 



116 


Journal oj Agricidiural Research voi.fio,No.2 


(14) Wallace, Thomas. 

1928. LEAF SCORCH ON FRUIT TREES. JouF. Pomol. and Hort. Sci. 6: 
248-281, illus. 

(15) Wilcox, S. V. 

1937. DETERMINATION OF POTASSIUM BY MEANS OF AN AQUEOUS SOLUTION 
OF TRISODIUM COBALTINITRITB IN THE PRESENCE OF NITRIC ACID. 

Indus, and Engin. Chem., Analyt. Ed. 9: 136-138. 



INHERITANCE IN THE CUCUMBER* 


By A. E. Hutchins 

Assistant in horticulture f Minnesota Agricultural Experiment Station 

INTRODUCTION 

111 cormcction with breeding work conducted during' the past few 
y(;ars, studies have been made on tin*, inheritance of several charac- 
ters in the cucumber Cucumis sativus L. The results of a portion of 
these studies are reported in this paper. 

MATERIALS AND METHODS 

The data hej*ein presented wore obtained from a study of thcFiandF 2 
])rogenies of a cross made in 1934 between two inbred cucumlx'.r par- 
ents that differed in (‘ertain characters as shown in table 1. 

Tablk 1.— Contrasting characters of two inbred cucumher parryits 


(’hunulors 


Parents 


Malo 


Fcnmlc 


Orowlb habit. — — - 

Height of i)lant .. — 

Spine color - 

Spine size 

Spine frequency 

Mature fruit color . ... 

Mature fruit netting. 

Number of mature fruits per plant. — 

Total weight of mature fruit per plant 

Average weight (size) of mature iriiit per plant, . 

Total number of fruit per plant (mature 4- green) 
Average weight of each fruit per plant (mature + green) 

Days after planting to first male flower 

Days after planting to first female flower 

Number of female flowers per plant 

Number of laterals per plant . . 

A verage length of lateral per plant. . . 

Total length of all laterals per plant 


Determinate... 
Short... . 

Black 

Fine 

Numerous 

Red. 

Ileavy ... 

Few . 

Small 

do . 

Few . 

Small - 

Few . 

Many 

Few 

do .. 

Short 

Small. 


Indeterminab', 

Tall. 

White. 

Coarse. 

Few. 

rroaiti. 

None or very slight 
Many. 

Largci. 

Do. 

Many. 

Large. 

Many. 

Few. 

Many. 

Do. 

Long. 

Large. 


Of the characters mentioned in table 1, determinate growth habit 
requires, p(?rhaps, further explanation. In a strain of cucumbers 
received from the Union of Soviet Socialist Republics in 1928, a plant 
appeared which was determinate in growth habit. In this plant and 
succeeding inbred progenies derived from it, the npical growth ter- 
minated in a cluster of male or female flowers, the laterals were few 
and very short, and plant height ranged from 6 to 12 inches depending 
upon environmental conditions (fig. 1). 

In the Fi and F 2 populations, grown in the greenhouse, all female 
flowers produced were hand-pollinat(?d and the fruits were permitted 
to remain on the plant until the plant appeared to have reached its 

1 Received for publication Mar. 4, 1939. Paper No. 1693 of the Scientific Journal Scries of the Minnesota 
Agricultural Experiment Station . Completion of certain parts of this paper was made possible by personnel 
of W orks Projects Administration official project No. 665-71-3-69. 
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production capacity and started to die, when all fruits and the plant 
itself were harvested and final measurements taken. F 3 lines repre- 
senting each F 2 plant were grown in the field and the plants treated 
in th(‘ same manner as the F 2 plants except that open pollination was 
allowed to take place. 



Fi(ji 7UK ]. — Dwarf dcierniinato cucumber parent in foreground; indet(;r- 
minate parent in background 

gp:netic analysis 


The ratios obtained for the various characters in the F 2 popidation, 
which consisted of 151 plants in the plant height study and 150 plants 
in all others, are given in table 2 . 

'j'ABLE 2 . — Differential characters of the two parents, and appearance of the Fi and 
of the segregates obtained in the of a cucumber cross 


Characters 

Parents 

F, 

Male 

Female 

Growth habit 

Determinate 

Indeterminate 

Determinate 

Plant height . . _ 

Short .... 

Tall 

Intermediate 

Spine color. 

Black 

White 

Black or br(jw 

Spine size 

Fine 

(hoarse 

Intermediute. 

Spine frequency 

Numerous 

Few' 

Intermediate 

Mature fruit color 

Red 

Cream. 

Rod 

Mature fruit netting. 

Heavy. 

None or very 

Heavy.. 

' 

slight. 




x* test for 

Fj st^gre^gates » 

goodness of 
fit; Plies 

between— -3 

.36 determinate * 

•(81 segregating 3 

0.80 and 0.90 

39 indeterminate • 

31 tall 

■(79 intermediate 3 

41 .short 3 

45 black 3 

> .30 and .50 

<69 segregating * 

142 white 3 

• .30 and .50 

[3.') coarse 3 
<82 .segregating » 

39 fine 3 

35 few « 

• .70 and .80 

82 segregating » 

39 numerous 3 

85 rod * 

.70 and .80 

29 orange * 
j32 yellow * 

■ .90 and .95 

10 cream ♦ 

(40 heavy 3 

77 segregating « 

39 none or very 

.98 and .99 

slight 3 

i ' - 


» Classified according to the behavior of Fa lines. * Fisher’s table of x” (5).* 

* involving a 1 : 2 : 1 ratio. * Involving a 9 : 3 : 3 : 1 ratio, 

• Italic nunsbers in parentheses refer to Literature Cited, p. 127. 
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GROWTH HABIT 

From table 2 it can be seen that the F, progcMiy from tlui cross 
between determinate (11) and indeterminate (ii) types was determi- 
nate. In th(' F2, 1 17 determinate* and 39 indet(*rminate {ii) jilants W(>re 
obtained. Of the 117 determinate plants, 3b proveel to be homo- 
zygous determinate (//) and 81 licterozygoiis {]%) in the F3 geiK'ration. 
Similar results w^ould be (*xp(*cted if the differ(‘nc('. between the par- 
ents was due to a single factor. 

A similar type of (Ictcrminate growth in the tomato has been re- 
ported by Yeager (H) and Currence {2) as differing by a single* factor 
from the indeterminate* habit. Currence founel that the el(*t(*rminate^ 
habit behaved as a rece*ssive in tlio tomato, wdiich is in contrast to 
the behavior of this characte*r in the cucumber. 

PLANT HEIGHT 

The*. differeiKUi betwee*!! the two pareuits in plant height apjieairs to 
be*. elepe*.nele*nt on a, single factor in this e*ross. As shown in tables 2, 
the Fi vras intcrme*eliate*. In the Fo, 31 tall {TT), 79 intcrnu'.diate 
{Tt)j and 41 short iti) we*re e)btain(*d. 

SPINE COI.e)R 

As she)wn in table 2, the* spine*s on the fruits of F] jilants won*. 
classilie*el as blae'.k eir brown. In the F2, blac-k e)r brown s|)ine*s we*re 
obseTveel on 114 plants and wdiite spine*s {hh) on 42. In the F:^, 45 of 
the 114 plants having black or brow^n spine*s pre)V(*d to be^ homozygous 
(BB) for black spine*s and 69 hete*rozygoiis i^Bh) for s])ine color. 
The results suggest that a single factor differe*nce e*xist(*d between 
the* pa.re*nts for spine color. The*se* re‘sults agree with those re*porte*d 
by Wellington (7), Strong (,^), and Tkachenko (J). 

SPINE SIZE 

As indicated in table 2, spine size was inte*rmedia.te in the Fi. In 
the F2, coarse or intermediate spines we^re^ obs(*rved on 117 plants and 
fine spine's (^) on 39 plants. In the F3, 82 of the*. 117 plants having 
coarse or intermeeliate spines segregated for spine, size and 35 prove*d 
to be homozygous {FF) fe)r coarse spines. This suggests that a single 
factor difference existeel be'tw'^een the parents for spine size. The'se 
results agree with those reporte*d by We'llingtem (7). Stiong (4), from 
obse'rvations made on the F2 progeny of a cucuml)e*r cross, Vicke*rv X 
Everyday, sugge*sted that spine size probably was inheril(*d on a mul- 
tiple factor basis. 

SPINE FREQUENCY 

In the Fi of this cross, frequ(*ncy or numb(*r of spines appeared to 
be intermediate. As shown in table 2, the F2 consisted of 117 plants 
having few or an intermediate number of spines and 39 plants having 
numerous (^.s*) spines. In the F.,, 82 of the 117 plants having few or 
an intermediate number of spines segregated and 35 proved homo- 
zygous {SS) for few spines. It is suggested that a single factor 
difference (*xisted betw7*(‘n the ])ar(*nts for spine frecpiency, which 
agrees witli the n^sults obtained by W(*llington (7), Strong (.^), and 
Tkachenko (5). 
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MATURE FRUIT COLOR 

In stiidying the inheritance of mature fruit color, the color was found 
to be red m tiic Fi. As shown in table 2, the ratio obtained in the F2 
very closely approaches the theoretical 9:3:3: 1 ratio that would be 
expected on the basis of a two-factor difference between the parents. 
The four classes obtained were red (i?C), orange (Re), yellow {rC)j and 
cream (rc). Homozygous F3 lines were obtained for all these colors. 
The data indicate that the red character is due to both factors being 
present in a dominant (RRCC) condition; the cream to both factors 
being present in a homozygous recessive condition (rrcc); and the 
orange and yellow to one factor being jiresent in the homozygous reces- 
sive and the other factor in either the homozygous dominant or hetero- 
zygous condition. In the greenhouse, the yellow is a bright canary 
yellow, readily distinguished from the cream. In the field, the yellow 
closely approaches the cream and is often diHi(‘.iilt to distinguish from it . 

MATURE FRUIT NETTING 

From table 2 it can b('> seen that fruit of the Fi plants obtaim^d from 
the cross between the heavy-netted (IIIJ) and no-netted (hh) types 
was heavily netted. In the F2 the fruits of 117 plants showed heavy 
or intermediate netting and 39 slight or no netting (hh). In the F3, 
40 plants of the 117 showing lieavy or intermediate netting proved to be 
homozygous for hea\\y netting (IlH) and 77 segregated for tliis char- 
a(*.ter. It is suggested that a single factor difference existed between 
the two j)arents for mature fruit netting, which agrees with the re- 
sults of Tkachenko (5). 


INTERACTION OF GROWTH HABIT AND PLANT HEIGHT 

The determinate growth and the plant height genes appear to exert 
considerable influence on each other as shown to some extent in table 
3, where the phenotypic classes obtained in the interaction of the two 
factors in the F2/ together with the height range of the phenotypic 
classes, is given. 


Tatu.e 3 . — Height range in each of four phenotypic classes obtained in the F 2 progeny 
of a cross between tall-indeterminate and short-determinate cucumber lines 


Determinate-tall {IT) . 
Determinate-short (/<) . 
Indeterminate-tall (iT) 
Indeterminate-short (it) 


Phonotyi)ic classes 

SeRrcKation obtained 
in the F 2 

Observed 

Heijrht class 


Number 

80 

32 

30 

9 

Inches 

19-110 

6-19 

71-136 

32-71 




The segregation given in table 3 agrees with the theoretically ex- 
pected 9:3:3: 1 dihybrid ratio. Of interest is the effect of the inter- 
action of the genes /-determinate and T-tall on height of plant. When 
the gene I for determinate growth habit is present together with the 
gene t for short plant height, the plants are very short. When iis 
present with the gene T for tall plant height, the plants are consider- 
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ably taller. When the iiicleteriiiinate growth gene i is ])resent, both 
the T and t plants are considerably taller than in the comparable 
classes of / plants. These data indicate that the I factor for deter- 
minate growth, when present, tends to decrease the height of the plant. 
The I gene exhibits partial dominance in this respect. The II plants 
are shorter tlian the li plants. Attention has been called to the inter- 
mediate condition of the Tt plants as compared to the parents. 

TESTS FOR INDEPENDENT ASSORTMENT 

Several cliaracjters just discussed were tested in all possible com- 
binations for independent assortment by the use of the test for inde- 
pendence. The results of these tests between the independently 
^sorted characters and between characters where the data, although 
indicating association, do not appear to be sufficient to warrant defi- 
nite conclusions are presented in table 4. The ratios were determined 
on 15G F 2 plants checked by F 3 lines from each of these plants. 

Table 4. — Teala for independent assortment of seven factors responsible for six 

characters under observation 


Parents 


C'oarse, white spines X fine, black spines (FFhhx 
ffHB). 

Few, white spines X numerous, black spines 
(SSbbXasriB). 

White spines, indeterminate X bhvk spines deter- 
minate (bbiiXJiBTI), 

Coarse spines, indctorininalc X fine spines, deter 
iiiinate (FFilXIfll). 

Few spines, ind(^t«rminnte X numerous spines, 
( lotcr m i ri ate ( SSiiXssl / ) . 

N(» TiettinK. coarse spines X heavy nettinjr, run^ 
sfdnes {hhFFXlUi/f). 

No nettitiR, few spines X heavy ntatiru;, numerous 
spines (hhSSXJUIsit). 

No netting, indeterminate X heavy net tine, <let«'r- 
minate (hhvXItlJH)- 

( •oarse spines, cream fruit X fiTic spines, reel fruit 
(FFrrccXffUKCC). 

Few spines, cream fruit X numerous spines, red 
fruit (SSrrccXssRUCC). 

Inderterminnte, cream fruit X determinafe, red 
fruit {uTTccXIIIili(-C). 


Fi plants in indicated phenotypic 
classes 


« Number 

BF, 85; idt/, 29; 5F, 32; bf, 10 


X* test for 
independent 
assortment; 
lies 

between — 


0.80 and 0.90 


ns, 85; ns, 29; bS, 32; bs, 10 . . 

ni, 8f>; /ii, 28; 61, 31; 6t. 11 

FI, 80; Fi, 31; //, 3 1 ; /i, s 

ST,m;Si,ZV,sl,'i\;8i,H 
I IF, 80; h F, hf, S . - 

ns, 80; hS, 31 ; Hs, 31 ; hs, s 
///, 89; /i/,28; 7//, 28: /if, H 


.80 and .90 
.80 and .90 
.30 and .50 
.30 and .50 
.30 and .50 
.30 and .50 
..50 and .TO 


FRC, 58; fltC, 28; FFc, 27; flic, 1; 

FrC, 22;frC, 10; Frc, 10; fre, 0. 
SRC, 58; sRC, 28; SRc, 27; sRr, I ; 

SrC, 22; srC, 10; Sre, 10; srr, 0. 
IRC, 64; iRC, T2; I Re, 22; iRc, 0; 
IrC, 2.5; irC, 7; Ire, 0; he, 4. 


.01 

.01 


..50 and .70 


> Fisher's table of x* (•?). 

INDEPENDENTLY ASSORTED CHARACTERS 

In table 4, P values within the range 0.1 to 0.9 suggest no signifi- 
cant association between the characters for which they were ob- 
tained (5). Therefore, the following characters aiipoar to be inherited 
independently of each other: Spine color and spine size ; spine color and 
spine frequency; spine color and growth habit; spine size and growth 
habit; spine size and mature fruit netting; spine frequency and growth 
habit; spine frequency and mature fruit netting; growth habit and 
mature fruit color; and growth habit and mature fruit netting. 

^ SPINE SIZE AND FREQUENCY AND MATURE FRUIT COLOR 

- 

Both spine size and frequency appeared to be associated with 
mature fruit color. Ax® of 13.48 and a P value of less than 0.01 was 

219341—40 4 



122 


Journal o f Agricultural Research 


Vol. 60, No. 2 


obtained. Considering the number of classes involved, however, 
the population is so small that a small error in classification could 
easily change the enough to indic^ate independence, 

CHARACTERS APPEARING TO SHOW ASSOCIATION 

In these tests for independence, the following characters appeared 
to show complete association: Spine size and spine frequency, spine 
color and fruit color, fruit netting and spine color, and fruit netting 
and fruit color, x"' values of from 141.2 to 156.0 were obtained and 
the P values in all cases are less than 0.01. These characters will 
be discussed more fully in the following paragraphs. 

Spine Size and Frequence 

Coarse spines appear to be associated with few spines and fine 
s])ines with numerous spines. When the female parent having coarse, 
few spines (FFSS) on the fruits was crossed with the male parent hav- 
ing fine numerous (Jfss) spines, a ratio of ll7iFS):0{Fs):(){fS):39(Js) 
was obtained in the F 2 segregation. Since no plants w^ere obtained in 
the coarse, numerous or fine, few spines classes, (‘omplete association 
is indicated between spine size and spine frequency in this cross. 

Spine Color and Mature Fruit Color 

Black spines appear to be associated wdth red and orange fruit 
color and white spines with yellow and cream fruit color. When the 
female parent having cream fruit with white spines {cerrhb) w^as crossed 
with the male parent having red fruit with black spines {CCRRBB)^ 
a ratio of 86(C7?y?):0(6m):28(c2?i?):0(ci?6):p(Cr;?):32(C^^^ 
l()(cr6) was obtained in the F 2 segregation. Since'! no plants were ob- 
tained having reMl fruit and white*, spines, orange fruit and white*- 
spines, yellow fruit anel black spinels, e)r cream fruit and black spine*s, 
e'eimplete asseie’ialiem is inelie’ated between s|)ine e‘e)le)r anel eine of 
the twe> gene*s re».s|)onsible feir mature fruit e*e)lor. Tkaevhenke) (5) 
also e'-onclude^s that wdiit-e spine*s anel white (e*e»le)rless) mature fruit- 
e’.oleu* are e*omplete*-ly linkeel. (\>e*hran (/) founel ne) linkage* betwe*.en 
fruit color anel spine colevr in an inve*stigat-ie)n in which a- variety 
ha ving green fruit anel w'hite spine*s w as e‘.re)sseel with a variety having 
white fruit and black spines. 

Spine Color and Mature Fruit NioTTiNe; 

Heavy netting appears to be closely associated with black spines 
and no netting with white spines. Wlien the female parent having 
no netting and white spines {hhhh) was crossed with the male parent 
having heavy netting and black spines {iniBB)y a ratio of 114(//5): 
0(/i/f):3(//6):39(A6) was obtained in the F 2 segregation. No plants 
were obtained having slight or no netting and black spines and only 
three plants having heavy netting and white spines. Tkachenko (J) 
found that complete linkage exists between white spines and smooth 
fniit surface. These results appear to show the same thing; the small 
deyiation that occurs in the white spine — heavy netting class iios^ibly 
being due to errors in classification. 
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Mature Fruit Nettinu and Mature Fruit (k^uoit 

Heavy iietting also apjjears to be closely asso(*iate(l with red and 
orange fruit color and no netting with yellow and (*.reani fruit color. 
When the female parent having no netting and cream fruit (hhrrcc) 
was crossed with the male parent having heavy netting and rod fruit 
{HIlRRC(j), a ratio of 
StS{lIRC):{){hRC):2^{HRc)\0{hRc^^^^^^ 
was obtained in the F 2 segregation. No plants were obtained having 
no netting and red fruit, no netting and orange fruit, heavy netting 
and cream fruit, and oidy three plants having heavy netting and yel- 
low fruit. 'J'hese results appear to indicate complete or nearly com- 
plete association between mature friiit netting and color and agree 
partly with the results of Tkachenko (.7), who found complete linkage 
between white (colorless) mature fruit and smooth fruit surface. The 
small deviation that occurs in the heavy netting-yellow mature fruit 
class may be due, possibly, to errors in classifi (nation. 

ASSOCIATION OF QUALITATIVE AND QUANTITATIVE CHARACTERS 

In addition to the characters discuss(‘(l previously a number of 
others were included in the study. The degree of association between 
these additional cliaractcrs and those previously discussed is indicated 
in table 5, in which t values obtained in a comijarison of tlie means of 
the phenotypic classes are presented; Observations were made on 149 
to 150 individuals. 


Table 5. Asf^ocialUm between various characters iyi the F 2 progeny of a cucumber 
cross as indicated by the t values obtained in a comparison of the means of the 
p heywty p ic cla sses 




<1^ 

D 

rt5 

</j 


a) 

3 

3 

s 

2 a 



ea 

B 

s 2' 


^ bl; 

(’liaradrrs 

Jc 

0-3 

o rt 

•Sw 

.. 3 

'4, M 





'S-tn 

3 

C I3 

3 2 


Xi 

a 

X 

s 

is 2 

Xi 

c* 

a « 



3 





Ph 


H 



Si)inc color 

0. (Mi 

1.24 

0. 20 

! ' 2. 29 

1.07 

Spine size. 

1. 15 

. 02 

1. IS 

i 2 2. 24 

.90 

S|)ine frequonO' . 

1.51 

. 02 

1. 18 

I 2 2. 24 

.90 

Orowth habit 
Mature fruit color. 

^ 10. 22 

18. 03 

2 7. 20 

2 4. 40 

2 7.29 

Red . 

.09 

1.19 

.25 

1.56 

.91 

Orange . 

1. 50 

1.49 

.92 

.04 

; .79 

S'ellow" 

.40 

1.29 
. 32 

.42 

.85 

1.28 

White.. . 

1.20 

1.24 

2 2. 76 

.47 

Mature fruit net- 






ting . - 

.41 

.71 

.78 

> 2. 59 

.42 



03 

B 

1 Q> 

as 

0 

1 




JS 

ce 

u 



a 

3 

A' 



a 

0 

1 

bi) oj ! 
3 1 

i 

p 0 - 

•is & 
^4- 

Z B 

s to first 
flower 

to first 
flower 

*0 

O' 

'0 

4 , 

X 

B 

"5 i 

3- 

•a 

“C’ 

X 

bi> 

a 

'ca 

-Sf 

!>». 

C5 


C 

3 

B 

3 

tb 

a 

as 

0 

H 






hJ 

H 

0. (iO 

2 2. 91 

1.29 

1 . 05 

0. 25 

1.21 

1..54 

1.20 

1.80 

' 2. 59 

1.02 

1.58 

.2.5 

2. 24 

.07 

.50 

1.80 

( 2. .59 

1.02 

1.58 

. 25 

2. 24 

.07 

. .50 

2 7. 99 

2 4. 49 

. 25 

' 2. 25 

2 5. 79 

2 4 . 04 

2 4.81 

2 7. 05 

.04 

1.53 

.06 

1.50 

1.09 

.08 

1.09 

23.71 

.8:1 

.08 

.91 

; .91 

2 2.77 

. 17 

I .07 

1.42 

.:io 

1.08 

.72 

. 05 

.22 

1. 20 

1.40 

1.40 

I.:i5 

2 2. 99 

.99 

.44 

.40 

.12 

.24 

..50 

1. 13 

2 2. 94 

1.24 

. 45 

.2.5 

.90 

.90 

.60 


» Exceeds 0.05 witli n of 149. Wallace and Snede«)r (fi). 
* Exceeds 0.01 jKiint with n of 149. Wallace and Snedecor (fi). 


In the data presented in table 5, it can be seen that there is prob- 
ably a si^ificant difference between the determinate and indetermi- 
nate plants in all the characters presented with tlic exception of days 
to first male fiower. Determinate growth habit is associated with 
short plant height, small number of mature fruit, small yield of mature 
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fruit, small weight per mature fruit, small total number of fruit (ma- 
ture + green), small total weight of fruit (mature + green), small 
weight i^er fruit (mature + green), greater number of days to first 
female flower, short laterals, few laterals, and small total lateral 
length. The association between determinate growth habit and the 
charactei’s i)ertaining to plant size may be the result of physiological 
causes. In other words, owing to the dwarfing effect of the determi- 
nate character, it may be impossible for determinate plants to develop 
the parts discussed to as great an extent as similar plants of indeter- 
minate growth habit. Lateness of production of female flowers and 
small size of individual fruits may not be related to size of plant. 

It is interesting to note, also, the association that is indicated in 
table 5 between average size per fruit, and spine color, spine size, 
spine fr(‘(piency, fruit netting, and cream fruit color. Large fruit 
size appears to b('- associated with white spines, coarse spines, few 
si)ines, no netting, and cream fruit. As previously shown, white 
spines appear to be associated with cream fruit and no netting and 
cream fruit may be associated with no netting. If such is the case, 
one might expect that weight or size of fruit, when associated with 
one of th(‘se characters, would also be associated with th('- others, 
and, if the factors causing the expression of these characters are 
linked, at least one factor for size or weight of fruit would be present 
in the same linkage group. Furthermore, coarse spines appear to 
be associatinl with few spines but neither is associated with white 
spines or fruit nedting and probably not with fruit color. This might 
indicates that the associated factors for coarse spines and few spines 
are in a different linkage group from the factors for spine color, 
fruit color, and fruit netting and that fruit size or weight appears to be 
associated with these characters, as well as with th(‘ group of associ- 
ated characters mentionc'd above. 

In table 5, the data also indicati^ a, significant association betwi^en 
number of female flowers and orange fruit color; Ixdween number of 
laterals and spiiu' size and frequency; and between total length of 
all laterals and rod fruit color. Plants with orange-colored fruit had 
a smaller numb(*r of female Howcts than tcmI- yellow- or cream-fruited 
plants; jflants with coarse^, f(*w spines liad more laterals Ihan plants 
with flue nurrK'rous spiiu's; and plants with red fruit color had a. 
greater total length of latcvj als than orange- or yellow-fi’uited ])lant-s. 
However, the average total lateral length per cream-fruited plant 
was slightly larger than that of the red-fruited plants, but owing to 
the fact that there were only 10 plants in this group as compared 
to 82 in the red-fruited group, the standard error was so high that 
the mean of the cream-fruited group did not differ significantly from 
the mean of the experiment. 

INDEPENDENT ASSORTMENT OF QUANTITATIVE CHARACTERS 

In a further analysis of the data obtained in this experiment, cor- 
relation studies were made in all possible combinations between char- 
acters given in table 5, on which no study of the segregation was made 
Observations on 149 to 156 individuals were used to meesure the 
association. Table 6 is a presentation of the correlation coeificients 
obtained in this analysis. 
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Table 6. — Correlation coefficients obtained between several plant characters in the 

progeny of a cucumber cross 


riiaradcrs 

correlated 

Number of mature 
fruits 

Total weight of 
mature fruit 

Weight (size) per 
mature fruit ^ 

Total number of fruits 
(mature+green) ^ 

Total weight of fruit 
(mature+green) 

Weight per fruit 
(mature+green) .] 

Days to first male 
flower 

Days to fir.st female 
flower 

Number of female 
flowers 9 

’cc 

o 

g 

y, 

Length per lateral 

Total length of 
laterals 

IMant height (inches) 

> 0. 74 

> 0. 82 

» 0. .61 

> 0. 81 

' 0. 89 

1 0. 49 

0. 10 

2-0. 19 

1 0. 78 

1 0. 07 

1 0. 48 

1 0. 70 

Number of mature 













fruits 


I .9i 

1 .24 

> . .S(i 

J . 82 

' .24 

.11 

I 0‘> 

1 .78 

' . 62 

1 . 64 

1 7*) 

'Potal weight of ina- 













ture fruit 



I . .6ti 

> .8(i 

» . 9(5 

> .01 

. 14 

2 - .20 

' .81 

1 

1 . .68 

‘ .79 

Wtdght iJcr mature 













'fruit- - 




1 . :u» 

1 . 02 

' .90 

.12 

.04 

‘ .41 

1 . 28 

1 .20 

‘ .41 

..'I'otal numlK*r of 













fruits (mat lire -f 













green) 





' .91 

1 . 29 

. 12 

‘ ■ .21 

1 86 

‘ . .61 

' .01 

I 7? 

'Potal weight of fruit 













mature +grccu) 




..... 




1.00 

. 14 

1 “ . 21 

1 .84 

1 . 67 

1 .01 

1 .80 

Weight per fruit 













(mature+green) 







.07 

.02 

1 . 27 

« . 28 

» .29 

1 . 20 

Days to first male 













flower - 








-. 06 

,16 

. 02 

.10 

.03 

Days to first female 













flower 









1 -.27 

-.01 

1 — . 22 

1-.20 

Number of female 













flowers. 










1 . 66 

1 .61 

1 .74 

Numl)er of laterals. - . 











.09 

1 .07 

Average length fier 













lateral 












.... . . 


1 .73 


> Exceeds 0.01 point with n of 149. Wallace and Sncdccor (6*). 
2 Exceeds 0.06 point with n of 149. Wallace and Sncdccor (6). 


The data presented in table 6 indicate a hi^li degree of assotuation 
between many of the characters studied. Most of these characters 
may bo considered to be expressions of vigor of the plant, and it is 
interesting to note that the taller the plant is the larger are the other 
size or vigor characters. It will be noted also that days to the first 
female flower shows a significant negative correlation with all these 
characters, with the exception of average weight per fruit, number of 
laterals, and days to the first male flower. 


Table 7. — Correlation coefficients * obtained between the time of production of the 
first male and female flower and the time of fruit mat urity in 2,195 F -i plants of a 
cucumber cross 


Characters 

Days after 
planting to 
first female 
flower 

Days after 
planting to 
first female 
flower set 

Days after 
planting to 
first ma- 
ture fruit 

Days after planting to— 

First male flower. 

0. 0877 

0. 3770 

0. 2360 

First female flower 

. 7604 

.0719 

First female flower .set _ . __ __ . . 


. 8440 

i 



1 All highly signiflcaiit (6). 


There ^pears to be no association between number of laterals and 
length ^cfnateral. Neither does days to the first male flower appear 
to ht simificantly associated with any of the other characters studied. 
While there appears to be a negative, although not significant, asso- 
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ciation between days to first male flower and days to first female 
flower, studies conducted on the F3 lines in 1937 to determine the re- 
lation of time of male and female flowering to fruit maturity indicate 
that the relationship should be positive (table 7). The failure to 
obtain a significant correlation in the F2 study may have been due to 
the fact that there was only a difference of about 4 days between the 
mean time of flowering in the parents and that the nmnber of individ uals 
in the F2 population was too small to bring out the real relationship. 

RELATION OF TIME OF MALE AND FEMALE FLOWERING TO TIME 
OF FRUIT MATURITY 

A study was made with 2,197) plants from F^ lines to deterniine 
whether time of fruit nuiturity, as indicated by the initiation of ilw 
change from green to the mature fruit color, could be predicted from 
the time of produ(‘tion of the first male or female flowers. The results 
obtained in this study are presented in table 7. 

The data given in table 7 indicate a highly significant association 
between time of first flower production and time of fruit maturity. 
However, time of production of the first female flower appears more 
closely associated with fruit maturity than time of production of the 
first male flower and probably provides a better basis for prediction 
of earliness of maturity. While the coefficient, 0.844, indicates that 
the first female flower to set is the best basis for predicting earliness 
of maturity, it is interesting to note that there is a fairly high corre- 
lation, 0.6719, between time of production of the first female flower 
and earliness of maturity. This may indicate that plant selection for 
earliness might be made on the basis of the first female flower to appear 
on the plant regardless of whether it develops into a fruit or not. 

SUMMARY 

A study was made of inheritance in a cucumber cross between 
parents differing from each other in height, growth habit, spine 
color, spine size, spine frequency, nature fruit color, and mature- 
fruit netting. A study was also made of the association of these and 
a number of other characters related to growth, flowering, and yield. 
The results of these studies are presented in the following outline: 

1. The inheritance of the following differential characters could be 

explained by assuming a single factor difference. 

а. Determinate growth habit versus indeterminate. 

б. Blackspines versus white. 

c. Coarse spines versus fine. 

d. Few spines versus numerous. 

e. Mature fruit netting versus slight or Jio netting. 

/. Tall plant versus short or dwarf. 

2. The inheritance of mature fruit color could be explained by assum- 

ing the interaction of two independently inherited factors, 

the ratio obtained being approximately 9 redmS orange: 

3 yellow: 1 cream. r . 

3. The factor responsible for determinate growth also tSfidsi to 

decrease the height of the plant. 
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4. Tests for indepeiideiit assortment indicate that — 

a. The following characters appear to be associated with each 
other either by complete linkage or as an expression of 
the same factor. 

1. Coarse spines with few spines; fine spines with 

numerous spines. 

2. Black spines with red and orange fruit; white 

sjiines with yellow and cream. 

3. Black spines with heavy netting; white spines with 

no netting. 

4. Heavy netting with red and orange fruit; no 

netting with yellow and cream. 

/>. I)<4;erminale growth habit a])pears to be associated wit.lj short 
plant , small number of mature fruit, small yield of matme 
fruit, small weight per mature fruit, small total numlxu’ of 
fruit (mature-f-green), small tot al weight of fruit (mat.ure + 
greon), small weight i)cr fruit (mature+green), greater 
number of days to first female flower, short laterals, few 
laterals, and small total lateral length. 

c. Large fruit size (weight) appears to bo associated with white 

spines, coarse spines, few spines, no netting, and cream 
fruit. 

d. The data indicate that more than one factor may be involved 

in the expression of fruit size or weight. 

e. Number of female flowers appeared to be associated with 

fruit color; plants with orange fruit having fewer female 
flowers than those with red, yellow, or cream. 

/. Number of laterals appeared to be associated with spine size 
and frequency; plants with coarse, few spines having 
more laterals than plants with fine, numerous spines. 

g. In correlation studies in the F 2 i)rogony, plant height, number 
of mature fruits, total weight of mature fruit, weight 
(size) per mature fruit, total number of fruits (mature + 
green), total weight of fruit (mature+green), average 
weight per fruit (mature+green), number of female 
flowers, number of laterals, average length of lateral, 
and total length of laterals showed a positive and, in 
most cases, a liighly significant association with each 
other when correlated in all possible combinations. 
Days to production of the first female flower showed a 
negative and, in most cases, a significant association with 
all the above characters. Days to the first male flower 
showed a positive but not significant association with the 
above characters. 

5. A high degree of association was found between the time of the 

production of the first female flower by the plant and malurity 
of the fruit. 
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A, — Equipment used in making spectrograms, a, Arc stand; 6, quartz lens; and 
c, gating spectrograph. 

B. -^pectrograms of tobacco ash showing region of spectrum where the ^775.73 
A thallium line occurs. The dot above each spectrogram indicates the wf ve- 
length at which the thallium line should appear, a, Ash to which a drop oi 
dilute thallous nitrate solution was added; 6, ash of leaves showing severe 
chlorosis due to thallium toxicity; c, ash of leaves showing mild chlorosis; 
df ash of leaves from plants grown in culture solution containing thallium but 
showing no chlorotic symptoms; e and/, soil from eastern and western Virginia 
on which frenching of tobacco occurred; g and h, ash of frenched leaves from 
peat and sand culture and from frenched plants grown in the held. 



FRENCHING OF TOBACCO DISTINGUISHED FROM 
THALLIUM TOXICITY BY SPECTROGRAPHIC 
ANALYSIS ‘ 


liy G. M. Shear, associate plant physiologist^ Virginia Agricultural Experiment 

Station^ and H. D. Ussery, assistant professor in physics^ Virginia Polytechnic 

Institute 

INTRODUCTION 

Soverjil theories as to the cause of tobacco freiichiiig liave been 
])ro|)osed, l)ut each in its turn has been found to be erroneous. Re- 
cenily, it has l)een postulated tliat frencliing is probably a. symptom 
of thallium toxicity. Since the demonstration of the presence of 
thallium in frenched tobacco tissue in toxic amounts or il.s absence is 
essential to an evaluation of the thallium-toxicity theory, and the 
(piantity of thallium necessary to produce thallium toxicity under 
experimental conditions is too minute to be detected by ordinary 
chemical methods, this theoiy at first seemed impossible to prove or 
disprove. However, since spectrographic analysis has been shown by 
a number of investigators 10 y 16)'^ to be applicable to the deter- 
mination of minute quantities of minerals in plant tissues, the spec- 
trographic method seemed to be applicable to the evaluation of the 
thallium-toxicity theory. Accordingly, a cooperative study was un- 
dertaken in 1937 between the Virginia Agricultural Experiment Sta- 
tion and the Physics Department of the Virginia Polytechnic Insti- 
tute to determine by spectrographic analysis whether there is any 
relationship between freiiclung and thallium toxicity of tobacco. 
Preliminary reports on this study have been made by the authors.^ 

REVIEW OF LITERATURE 

Results reported by Shear (11) in 1933 led him to propose a tox- 
icity theory to explain the cause of frenching, although the nature of 
the toxin was not determined. Karraker and Bortner (ff), although 
they state that they do not think frenching is of toxic origin, present 
no evidence that is incompatible with such a theoiy, and the follow- 
ing quotations from the summary of their work, published in 1934, 
are most easily explainable by such a theory (&, p, 108). 

Frenching in plants in soil and river sand in the greenhouse was rather easily 
brought about by proper addition of pulverized limestone and adjustment of 

1 Uew'ived for publication October 2, 1939, Paper No. 100 of the' Sciction of Botany and IMaiit Pathology, 
Virginia Agricultural Exixsriincnt Station. This paixtr was awarded the Jefferson medal of the Virginia 
Academy of Science at the seventeenth annual meeting. May 5, 1939, Danville, Va. This project was partly 
financed by a rescsarch grant from the Virginia Academy of Science, 
a Italic numbers in parenthes<^s refer to Literature Cited, p. 139. 

3 Shear, O. M., and Usskrv, H. D. spkctrooraphic analysis applied to the study of tobacco 
FRENCiiiNo. Paper presented at lf)th annual meeting Amer. Soc. Plant Physiologists. Title in Abstracts 
and Titles of Papers, p. 19. 1938. [Mimeographed.] 

and UssKHY, H. D. spectrographic differentiation of thallium toxicity and frenching 

OF tobacco plants. Paper presented at meeting Southeastern Sect., Amer. Physical Soc., Athens, (la., 
1939. Abstract in proceedings. 

— • and Ussery, H. D. frenching of tobacco distinguished from thallium toxicity by sec- 
TROGRAPHic ANALYSIS. Paper presented at 17th meeting, Va. Acad. Sci., Danville, Va. 1939. Abstract 
in proceedings 27. 
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nutrient supply. It was more difficult to obtain frenching when acid-treated and 
washed white silica sand was used. 

* )|i He H: 3|c 

While the results of the studies rather clearly show frenching to be related to 
soil reaction and nutrient supply as described, yet for various reasons it can not 
be concluded that other causal factors are not present with which or thru which 
the reaction and nutrient factors may function. And it may be, even, that reac- 
tion and nutrient factors merely suppress or bring into activity some other factor 
which is the underlying cause, somewhat as moisture supply affects frenching by 
affecting rate of growth. 

The treatment of the sand referred to above should not add any- 
thing to the sand but should tend to remove most soluble material 
contained in it. If, thereby, the tendency toward frenching is reduced 
the washing must have removed something from the sand which was 
toxic to the tobacco. If, as the authors suggest, the combination of 
soil reaction and nutrient supply may bring into activity some other 
factor which is the underlying cause, then that factor must Ix'. a loxi<‘ 
substance of some kind. 

In 1935 Spencer (l^) reached the cojiclusion that fremdiijig was not 
a, mineral-deficiency disease but was a toxicity disease. At that time 
he proposed no explanation as to the cause of the toxic effect. 

Thallium toxicity was first compared to frenching of tobac(‘o by 
McMurtrey in 1932 (S). lie says: 

Whether the typical frenching disease of tobacco is due to thallium toxicity 
cannot be definitely stated at this time, but it appears that there is much in 
common in growth manifestations exhibited by the two pathological conditions, 

Spencer (13) made an extensive study of frenching and thallium 
toxicity and showed that in most respects the symptoms of the two 
are the same. He found that different species of tobacco each showed 
the same susceptibility or resistance to both frenching and thallium 
toxicity, and that both disorders were completely (H)ntrolled by appli- 
cations of available nitrogen, aluminum, or potassium iodide, and 
partly controlled by steam sterilization. He found that smaller 
applications of thallium salts were required to produce a toxic effect 
on tobacco grown on soil that caused frenching than on nonfrcnching 
soils. He concludes his paper with the following statement: 

The experimental evidence reported indicates a striking similarity between 
natural frenching and thallium toxicity not only with respect to the symptoms 
they produce on Turkish tobacco but also with regard to the methods by which 
they are controlled. Final proof that these two diseases are identical requires 
the demonstration of the presence of toxic quantities of thallium in soils which 
produce frenching. At present it is questionable whether the known chemical 
methods are sufficiently sensitive to detect such small traces of thallium as the 
experiments here reported have indicated must be present in the soil if frenching is 
a thallium-toxicity disease. 

The following statement appearing in Connecticut Experiment 
Station Bulletin 410 (1, p. 400), further emphasizes the difficult 
nature of tliis problem: 

The real difficulty, however, in identifying the two maladies, lies in the fact 
that there are no known methods of measuring and comparing the amounts of 
thallium contained in frenched tobacco leaves and in those known to be injuiied 
by thallium. 

After the presentation of the paper by Shear and Ussery ^ iii4^ecem- 
ber 1938, in which they presented positive spectroscopic evidenc?e to 


* See footnote 3. 
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show that the two disorders are not the same, Spencer and Lavin {14) 
publislied a brief article based on very limited spectroscopic (lata in 
wliich they concede that frenching and thallium toxicnty may Jiot be 
the same. 

METHODS OF EXPERIMENTATION 

The tobacco usc'd in this study consisted of varieties of Nicotiana 
tabacum L. 

The plants receiving thallium as thallium nitrate were grown in 
wa.ter (uilturc. Six or (>ight plants were grown in each treatment, aiul 
representative material from each jiiant in a treatment was collected for 
each analysis. The standard nutrient solution used made available 
th(^ following a, mounts of elements per plant: 


Khmful: MillidKiinsi 

Nitrogen _ _ I0(i 

Phosphorus . _ . r)(» 

Potassium . _ _ _ 487 

(Calcium . . ;{l(i 

Magnesium ... 40 

Chlorin(‘- _ . 48 

8ulfur„ - . 40 

Sodium 30 

Manganese . . _ 1.2 

Iron . 99 

Boron 85 


For the lower concentrations of nutrients, dilutions of this formula 
were used. 

The plant tissue to be analyzed was dried in an oven and then ashed 
at a dull red heat in porcelain cru(*ibles over a gas burner. Twenty- 
four milligrams (±0.5 mg.) of ash was packcnJ into the hollowed end 
of the lower ± electrode for analysis. 

The electrodes were made from No. 3 B. (& S. gage copper wire. The 
ends of the electrodes were cut down on a lathe to 4 mm. in diameter. 
The diameter of the hole in the lower electrodes was 3.5 mm. 

A grating spectrograph® with a dispersion of 9.43 A. ])er millimeter 
in the first order and a resolving power of 25,000 was used in making 
this study. The spectrograph and arc stand are shown in plate 1, A, 
The arc was operated by a 120-volt direct current generator, the cur- 
rent used varying from 8 to 1 0 a. The arc was focused on the slit by 
means of a quartz lens. An exposure of 30 seconds was used for all 
the plant ash samples lierein reported. 

As a densitometer was not available for making quantitative deter- 
minations a direct visual comparison was made by the method of 
homologous pairs which Gerlach and Schweitzer (2) used in evaluating 
spark spectra. Various amounts of thallium were added to samples 
of tobacco ash that showed no thallium. Seventy-two milligrams of 
such ash was wet witli enough thallium nitrate solution to give the 
desired percentages of thallium. After being thoroughly dried and 
mixed, 24-mg. samples were used in making the determinations. On 
each spectrogram of an ash containing a known amount of thallium a 
copper line of equal density and as near the thallium line as possible 
was selected and used as a basis for evaluating the spectrograms of the 
ash samples. 

* (Jrating ruled by Dr. J. A. Anderson. 
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When the density of the line at 3,779.3 A. matched that of the 
3,775.7-A. Ti line the ash contained no thallium but the exposure had 
been long enou^ to cause the thallium in the copper to appear. If 
tlie 3,775.7-A. Tl line matched the 3,780.0-A. Cu line then the ash 
contained less than 0.0001 percent of thallium. When the 3,775.7-A. 
Tl line matched the 3,800.4-A. Cu line the ash contained 0.0002 
percent of thallium. When the 3,775.7-A. Tl line matched the 
3,759.5-A. Cu line the ash contained 0.0004 percent of thallium. 
When the 3,775.7-A. Tl line matched the 3,771.9-A. Cu line the ash 
contained 0.0006 percent of thallium. When the 3,775.7-A. Tl line 
matched the 3,741. 2-A. Cu line the ash contained 0.001 percent of 
thallium. When the 3,519.2-A. Tl line matched the 3,520.0-A. Cu 
line the ash contained 0.005 i)ercent of thallium. In these spectro- 
grams, the ci'itorion for proper exposui’c was that the pair of coppei’ 
lines 3,450.33 A. and 3,457.85 A. were a visual match in density, since 
these lines were found to vary in relative intensity with time of 
exposure and conditions of excitation. 1'he wave-length values 
used were those listed by Kayser (7). 

EXPERIMENTAL DATA 

During the course of this study, approximately 200 spectrograms 
were made, about half of which were of ash samples. The original 
plates were used exclusively in determining the amount, if any, of 
thallium present in the ash samples analyzed. 

The first step in this study of the tobacco ash samples was to deter- 
mine whether thallium could be detected in the ash of healthy and 
frenched tobacco grown on different soils. Six samples of frenched 
leaves were analyzed. Four of these were from field-grown plants 
collected in southwest, central, and eastern Virginia, and from central 
North Carolina. Two of the frenched samples came from plants 

f rown in the greenhouse, one in soil and one in a peat-sand mixture. 

fealthy leaves from field-grown plants, from plants grown in frenching 
soil that had been steamed, and from plants grown in culture solutions 
receiving no thallium were used. Two soils which caused frenching of 
tobacco were also analyzed. None of these samples showed any 
indication of thallium in the spectrograms. Several representative 
spectrograms are shown in plate 1, b. 

To determine whether or not thallium could be detected in the ash 
of plants which had received small amounts of this substance, tobacco 
plants were grown in nutrient solution to which thallium nitrate was 
added. Two sets of eight plants each were grown in full strength 
nutrient solution for 1 week and then thallium was added at the rate of 
0.10 p. p. m. to one set and 0.05 p. p. m. to the other set. The nutrient 
solution was not renewed but additional thallium was added at 
weekly intervals for 3 weeks, when chlorosis due to thallium toxicity 
appeared on some of the plants. At this time leaf samples were collec- 
ted for analysis. Three samples from the plants receiving thalhum 
were taken, one of the leaves showing severe chlorosis, one of the 
leaves showing mild chlorosis, and one of the leaves showing no 
chlorosis. On analysis the ash of these samples gave 0.0006, 0.0003, 
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and 0.0002 percent of tlialliiiin respectively, thus showing a relation- 
ship between the severity of the symptoms and the amount of thallium 
ill the tissue. 

Spencer, in discussing these results with the senior author on Decem- 
ber 29, 1938, stated that the results might not be conclusive in showing 
the two disorders to be distinct since only one concentration of nutrient 
solution was used. Ilis results had indicated that the amount of 
thallium required to cause toxic symptoms decreased with a decrease 
in nutrient content of the solution in which the plants were grown; 
hence, there was a possibility that the nutrient solution could be 
diluted to a point where the thallium required to produce toxic symp- 
toms could not be detected in the leaf ash by spectrographic analysis. 

A series of experiments was therefore conducted in which the nutri- 
ent solution and the amount of thallium added were varied to deter- 
mine their effect on the appearance of chlorosis and the percentage of 
thallium in the ash. The results obtained from the first sets of plants 
are shown in tables 1 and 2. Plants with stems 1 to 2 inches long 
were grown 1 week in standard-strength nutrient solution. Twelve 
plants were then placed in each of the following solutions: Standard 
strength, two third standard strength, and one third standard strength. 
Half of the plants in each of these groups received 0.067 p. p. m, of 
thallium, while the other half received 0.033 p. p. m. No further 
treatment was given these plants except for aerating the solution 
twice daily and maintainmg the solution at a constant level by adding 
distilled water. The plants were growing rapidly when the thallium 
was added and, with the exception of those in the weakest nutrient 
solution, there was no noticeable difference in growth or appearance 
of plants. The plants in the one third strength nutrient solution did 
not grow so rapidly as the others and after about 2 weeks the young 
leaves developed a diffuse chlorosis not typical of the chlorosis 
produced by thallium. 

Table \.— Thallium in tobacco ash from ifounq leaves (f tobacco grown in culture 
solutions of varying nutricjil and thallium content: samples taken 1 and 2 weeks 
after addition of thallium 


l w(H>k jiflrr addition of 2 wenks after addition of 
tlmlliuni thallium 


Concentratioti of nutrient solution 

r«)neentra- 
tijui of thal- 
lium in 
nutrient 
solution 

roncentra- 
tion of tlial- 
lium in 
leaf ash 

Concentra- 
tiori of tlial- 
liiim in 
nutrient 
solution 

1 

Conctintra- 
tion of thal- 
lium in 
leaf a.sh 

Standard .. — 

Do 

Two-thirds standard 

Do 

One-third standard - 

Do - - 

From soil 

P. p. w. 

0. Of57 
. (»;t 
.067 
. (w:t 
.067 
. (Wit 



Percent 

O.OOOl 

0) 

(‘) 

(') 

(') 

(*) 

P. p. m. 
0.067 
. (W3 
. (K)7 
.OiW 
.067 
.0it3 

e) 

Percent 

0.0001 

0) 

.0001 

0) 

.0006 

.OOOit 

(>) 


1 Present but loss than O.OOOl percent. 
* Presence doubtful. 

» None. 
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Table 2. — Thallmm in tobacco anh from different parts of tobacco plants grown in 
one-third standard strength culture solutions of varying thallium content; samples 
taken 8 weeks after addition of thallium 


Cortioii (>f plant used 

Concentra- 
tion of tbal- 
lium in 
nutrient 
solution 

Concen- 
tration of 
tlmllium 
in ash of 
root, 
stem, or 
leaf 

rortioii of plant used 

Concentra- 
tion of thal- 
lium in 
niitrient 
solution 

Concen- 
tration of 
thallium 
in ash of 
root, 
stem, or 
leaf 

Roots... 

JP. p. m. 
0.007 

Percent 

0.00.*) 

Lower leaves 

P. p. in. 

0. 067 

Percent 

0. 001 

Do . - 

.033 

.002 

Do... .. 

. 033 

. (KK)2 

Stems 

.(X)7 

.0003 

Upper lea,ves . . . .. 

.067 

.0001 

Do... ... 

.0.33 1 

1 

.(K)02 

Do . 

.033 

0) 




1 Present but less than 0.0001 percent. 


Samples consisting of young leaves from each treatment were col- 
lected 1 week and 2 weeks after tlie thallium was added. Each sam- 
ple consisted of leaves from all the plants receiving th(5 same treat- 
ment. Tlie first set of samides showed the greatest amount of thal- 
lium in the leaves of plants grown in standard strengtli nutrient solu- 
tion plus 0.067 p.p.m. of thallium. The presence of thallium was 
doubtful in tlie sample from plants in one-third standard strength 
nutrient solution plus 0.033 p. p. m. of thalliiira. All the samples 
between these extremes showed essentially^ the same amount of thal- 
lium. By the end of the second week this relationship had changed 
very markedly. The plants receiving the larger amount of thallium 
showed a higher percentage of thallium than the plants receiving the 
same strength of nutrient solution but a smaller amount of thallium. 
The thallium in the ash of plants in the one-third strength nutrient 
solution receiving 0.067 p. p. m. and in the one-third strejigth nutrient 
solution receiving 0.033 p. p. m. of thallium bad reached 0,0006 and 
0.0003 p. p. m., respectively. 

After the plants had growji for 3 weeks in the thallium solutions tin* 
experiment was discontinued as the plants were becoming crowded. 
The two sets of plants in the one-third strength nutrient solution 
were separated for analysis into root., stem, old leaf, and young leaf 
tissue. The results of these analyses are shown in titble 2. It may 
be seen from these results that the greatest amount of thallium is 
found in the roots, with an intermediate amount in the stems and 
older leaves and the smallest amount in the young leaves. In each 
case the ash of plants receiving the least thallium gave a smaller per- 
centage of this material than was found in the ash of the same pait 
of the other plants. 

When the next series of plants was harvested, the six plants in the 
one-third strength nutrient solution receiving 0.033 p. p. m. of thallium 
were divided for analysis into lower half of root system, upper half of 
root system, lower part of stem, old leaves, and young leaves. AI- 
thoiigii these plants had been in the nutrient solution twice as long as 
the previous set the plants were about the same size because they were 
grown in distilled water for several days before the nutrient solution 
was added, which slowed down their growth rate. 
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The results of these analyses were as follows: 

Part of plant nscd: ' Concentration of thnllinm in ash, percent 

Lower half of root system 0.0002 

Upper half of root system between 0.0000 and O.OOOS 

Steins Present but less than 0.0001 ; more than in old 

loaves 

Old leaves Present but less than 0.0001; more than in 

younie: leaves 

Young leaves Present but less than 0.0001 

1 Satnplos takon fi weoks aftor addition of thnlliuin. 

These results substantiate those of the previous analyses in that they 
show a marked ‘gradient in thallium decreasing from the roots to the 
youngest leaves. 

It will be noted that the percentage of thallium in the ash of the 
young leaves had significantly decreased from the second to the third 
week after treatment. vSince no marked toxic effects were observed in 
the first sets of dilutions of nutrient solution, other sets were })repared 
in which still more dilute solutions with different amounts of thallium 
w^ere us('d. In order to reduce the nutricnit reserve in these ])lants 
they were grown in distilled water for 4 days before nutrients and thal- 
lium were*! added. This experiment included groups of plants receiv- 
ing one-third strengtli, one-sixth strength, and one-twelfth strength 
nutrient solution, half of the plants in each group receiving in addition 
0.067 p. p. m. of thallium and the other half 0.083 p. p. m. The re- 
sults of this experini(‘nt an^ shown in table 3. The plants in these 
groups grew^ very slowly and all .showed a marked toxic effect on their 
roots. The roots stopped growing as soon as they penetrated the solu- 
tion and a mat of short roots formed just above the surface of the sur- 
face of the solution. After 2 weeks the roots of the ])lants in the one- 
third strength nutrient solution with 0.083 p. p. m. of thallium wore 
able to grow" in t lie solution without further injury, and the severity of 
the root- injury was reduci'd somewdmt in the om^-third st-naigth nutri- 
(Mit solution with the larger amount of thallium. The roots of the 
other ])lants sIiowimI no indications of rioovery after 4 weeks in the 
solutions. Sam])l(*s w'(mt collcaded from thi'se ])lants 2K w"(>eks and 4 
weeks aft(M’ tF*(Mitment-. The speadrograms of tlu^ first samples (‘ould 
not b(» us(m) as tlu^ (HjuipiiKMit was not adjust (m1 proj)erly; and sima* 
then^ was originally only a small amount of material available, then'- 
was not sufficient asli to r(‘peat the analyses on this s(*t of sam])les. 
fflie results shown an^ from tln^ second set of samples. All of these 
samples showed nuaisurable amounts of thallium [)ut the differences 
between the samples w ere not great. 

Table 3. — Thallium in tobacco ash from young leaves of tobacco grown in culture 
solutions of differerd nutrient and thallium content 


Concentration of nutrient 
solution 

Concentra- 
tion of thal- 
lium in 
nutrient 
solution 

Concon- 
trat ion of 
thallium 
in asli 

Concent rat ion of nutrient 
solution 

Concentra- 
tion of thal- 
lium in 
nutrient 
solution 

Concen- 
tration of 
thallium 
in ash 


P. p. m. 

Percent 


P. p. VI. 

Percent 

One-third standard 

1 0. 007 

0. 0003 

One- twelfth standard . 

1 0. 333 

0. 0002 

Do .. ...I 

1.033 

.0003 

Do. 

2. 010 

(3) 

One-sixth standard 

1.007 

.0002 

Do - 

2. 008 

C) 

Do - 

1. 033 

. 0002- 

Do. .. 

2.000 

0) 

One-twelfth standard 

1. (Hi7 

.0003 





» Samples collected 4 weeks after addition of nutrients and thallium. 

> Samples collected 1 week after addition of nutrients and thallium. 

> Present but less than 0.0001 percent. m 

< None. 
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After the plants liad grown in the thallium solutions for 3 w('eks, 
typical thallium-induced chlorosis appeared on leaves of plan ts in three 
different treatments. Five plants out of six in the one-sixth strength 
nutrient solution plus O.Of)? p. p. m. of thallium showed mild chlorosis, 
but by the end of the fourth week the youngest leaves appeared 
healthy. Three plants out of six in the one-twelfth strength nutrient 
solution plus 0.007 p. p. m. of thallium developed chlorosis which 
showed up on the youngest leaves at the end of 5 weeks. Two plants 
in the one-twelfth strength nutrient solution plus 0.033 p. p. m. of 
thallium developed a mild chlorosis which no longer appeared on the 
youngest leaves after 4 weeks 

With another group of plants in one-twelfth strength nutrient solu- 
tion the thallium content was reduced to 0.016 and 0.008 p. p. m. 
(table 3), and after 1 week a trace of thallium could be detected in the 
leaves of plants receiving 0.016 p. p. m. of thallium but none could be 
detected in the plants receiving the smaller amount. 

DISCUSSION 

It might be argued that by further manipulation of the nutrient 
solution, such as an alteration in the ratio of the various nutrients, 
leaf chlorosis might be produced with a smaller amount of thallium 
available to the plant, but such an assumption would not seem plausi- 
ble on the basis of the experiments reported here. The ratio of the 
nutrients used in the nutrient solutions employed in these studies 
was based on a number of analyses of healthy field-grown tobacco 
and therefore the ratio of the various elements should be nearly 
optimum. It would, therefore, appear that no one element could 
be significantly reduced without a corresponding reduction in growth. 
The nutrient level was reduced in this study until very little growth 
was produced, and yet thallium in too small an amount to cause 
chlorosis could be detected. Since in most cases of frenching growth 
is more rajud than this, thallium, if the causal factor, would be j)res- 
ent in measureable quantities. In this study the smallest amount 
of thallium added to the nutrient solution that could be detected in 
the plant ash was only one-fourth the minimal amount ref|uired in 
culture solution to cause chlorosis, according to Spencer {13). 

The results show a gradient in thallium in the tobacco plant, 
decreasing from the roots to the tip of the shoot. This gradient 
existing several weeks after the addition of the thallium indicates 
that it is deposited in an immobile state in the plant. It might be 
precipitated in an organic or an inorganic compound. Since the 
thallium is not precipitated in the nutrient solution its precipitation 
in the plant as an inorganic salt would have to be brought about by 
some chemical change effected by the metabolism of the plant. 
Whatever the compound in which the thallium is fixed, its compo- 
nents or catalyzer must be present in extremely minute quantity; 
otherwise with the small amount of thallium available all of it should 
be precipitated in the roots. The fact that a gradient occurs would 
support such an hypothesis. 

Smee the results of these experiments are so conclusive in show- 
ing that frenching is not thallium toxicity, it might be well to point 
out facts from, the results of other investigators that could not be 
fitted into the frenching-thallium toxicity theory. In the first place 
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the symptoms of the two disorders arc not identical, as was pointed out 
by McMurtrey (Sf In the case of thallium toxicity, the first indi- 
cations of chlorosis are along the midrib or the leaf; whereas in 
frenching, chlorosis starts at the borders of the leaf. Spencer (1£) 
showed that 1 part of frenching soil in 2,000 parts of washed quartz 
sand was sufficient to cause frencbing. He has also shown that it 
takes approximately 0.10 p. p. m. of thallium in sand to cause thallium- 
toxicity symptoms to appear on tobacco grown in the sand. If 
these tw^o disorders were the same, then the frenching soil would con- 
tain about 400 pounds of soluble thallium per acre or 200 p. p. m., 
which is 800 times as much as was required to produce thallium tox- 
icity symptoms on tobacco in one of the soils with which he worked. 
His finding, that less thallium was required to produce toxic symptoms 
on tobacco growing in frenching soil than in other soil, does not nec- 
essarily mean that the thallium which he added supplements some 
already in the frenching soil; it might just as readily mean that the 
absorptive power of such a soil was low and therefore neither the 
thallium nor the frenching toxin w^as fixed as they might be in a soil 
that would not produce frenching. 

Steinberg (/5, p. 574), in a re(‘ent paper on the essentiality of gal- 
lium to grow'th and reproduction of Aspergillus niger^ makes the fol- 
lowing statement: 

The reported toxicity of thallium, a chemical homologue of gallium, to tobacco 
by McMurtrey, in association with the close duplication of the symptoms of 
frenching, would appear to indicate the possibility that thallium prevented the 
utilization of gallium by the plant. 

He draws the analogy on the basis of Hurd-Karrer^s work in wdii(*h 
she shows that the toxic effects of selenium, arsenic, rubidium, and 
strontium can bo prevented by sulfur, phosphorus, potassium, and 
calcium respectively. She concludes from these findings that the 
salt of a toxic element can be rendered nontoxic to plants through the 
addition of a sufficient amount of the salt of an essential element in 
the same chemical group. She clearly shows that the toxic action 
is not due to the injurious element preventing the absorption or 
utilization of the essential element, which is just the reverse of the 
assumption upon which Steinberg appears to base his hypothesis. 
It is entirely possible on the basis of Hurd-Karrer’s results (5, 4j 
that gallium might, if present in sufficient amount, counteract thal- 
lium toxicity, although its absence could not be construed as the 
cause of the symptoms produced by thallium. 

An examination of the spectrograms in the region of the persistent 
gallium lines at 4,0.33.01 and 4,172.05 A. revealed no indications 
of gallium in any of the ash samples. The chemical properties of 
gallium are such that it would be more easily excited in the arc than 
thallium and therefore should be detectable in more minute amounts 
than thallium. Thus if gallium is essential for the growth of tobacco 
the amount necessary must be less than 0.0001 percent in the ash. 

The theory that frenching is caused by an unstable organic toxin 
which accumulates only under certain abnormal conditions and which 
is produced by some widely distributed soil organism is herewith 
proposed. This theory is based on a number of facts which have 
been discovered concerning the conditions under which frenching 
develops. Frenching has been reported from most regions in the 
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world where tobacco has been grown, proving the wide distribution 
of the underlying cause. Toxic minerals which might conceivably 
cause frenching are not so universally distributed, whereas certain 
types of organisms are. Partial sterilization of the soil temporarily 
renders it incapable of producing frenching. The instability of the 
toxic factor has been shown by several experiments. A frenched 
plant recovers rapidly when the ball of soil in which it is growing is 
tapped from the pot and lightly replaced. Frenching could be produced 
in sand cultures watered with the leachate of frenching soil when the 
leachate was conducted from the soil to the sand tlirough a separatory 
funnel. When the soil and water were mixed and the supernatant 
liquid used for watering sand cultures no frenching developed. 

Frenching cannot be produced readily on tobacco in water cultures. 
Under such conditions very few normal soil organisms can grow. 
Frenching has been produced on tobacco in sand cultures under vari- 
ous conditions. Spencer, for example, obtained frenching on tobacco 
seedlings growing in sand containing 1 part of frenching soil in 2,000 
parts of sand, a result which supports the organic-toxin theory, since 
the influence of such a small amount of soil could be explained most 
logically on the basis of its being an inoculum of soil organisms. He 
found that frenching could be produced in plain sand if tobacco were 
grown in the sand for a sufiicient time. This might be explained on 
the basis of there being insufficient organic matter in the sand until 
some dead tobacco roots accumulated. 

SUMMARY AND CONCLUSIONS 

A spectrographic analysis of the ash of tobacco samples from healthy, 
frenched, and thallium-treated plants was made. Samples of soil in 
which frenched tobacco had occurred were also analyzed. 

Thallium could be detected only in samples of ash from plants 
grown in a nutrient solution to which thallium had been added, prov- 
mg that frenching and thallium toxicity are not the same. Thallium 
could be detected in ash samples in amounts of less than 0.0001 per- 
cent and in ash samples from plants receiving only 0.016 of a part per 
million of thallium in the nutrient solution. 

The weaker the nutrient solution the smaller the amount of thal- 
lium necessa^ to produce toxic symptoms. 

Thallium is fixed in the plant tissue in such a way as to produce a 
gradient, decreasing from the roots to the youngest leaves. The 
plant, therefore, must have a continuous supply of available thallium 
if thallium toxicity symptoms are to continue to appear on the new 
growth as it is produced. 

Gallium does not appear to have any relationship to frenching or 
thallium toxicity. 
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THE VITAMIN A ACTIVITY AND THE VITAMIN B, 
CONTENT OF SOYBEANS AND COWPEAS* 


By J. 0. Halverson, in charge^ and F. W. Sherwood, associate, animal nutrition 
research^ North Carolina Agricultural Experiment Station 

INTRODUCTION 

In view of the wide use of soybeans (Soja max) and cowpeas {Vigna 
sinensis) as food for both man and animals, and the relative scarcity 
of data concerning their vitamin A activity and vitamin Bi content, 
it seems desirable to publish the results of assays made on several 
varieties of these leguminous seeds. 

The available results of vitamin assays of these seeds have been 
compiled by Daniel and Muiisell (1) ^ and by Fixen and Roscoe {2), 
They are summarized in table 1. 


Table ]. — Carotene and vitamin A and Bi content of soybeans and cowpeas as 
reported by various workers 


Product 

Carotene per 
gram 

Vitamin 
A activ- 
ity per 
gram 

Sherman 

units 

Vitamin Bi 

Pc'r gram 

Per gram 

Soybean (Soja max): 

Dried ‘ - - - - - 

Mkrogrnms 

Sherman 

units 

1.4 

7.7 

4.0 

Inter- 

national 

units 











4. 5-9. 7 

1.0, 1.5 
<0. 45 
1.0 



Yellow 2 .. ... 



•Black 2 ’ . 




Soybean® — 

Mammoth yellow * — 

Tokio * 

0. 4-1). H 
.50 
.49 
.38 
.37 
.29, .38 
. 17-2. 44 









Tarheel black ■* - - .. 




Biloxi < - 




Rokasun 4 — . .. — 

36 other varietic.s * . ----- 

Cowpea ( 2- . . 





1.7 

Dried ^ . - 


2.0 

3.0 

1 ..... 


Black-eyed * . 

Cream Crowder * ... . - - 

Brown Crowd(*r V . — . — 

Virginia blackeye < - - ^ 

5 other varieties *. - 

. 33, . 25 
.26 
.27 
. 26-. 33 








.J 







1 Data from Daniel and Munsell (/). ® Data from Lanr.itj and Van Veen (S). 

2 Data from Fixen and Roscoe (K). * Data from Sherman and Salmon (6). 


EXPERIMENTAL PROCEDURE 

Vitamin Bi was determined by the method described by Sherwood 
and Halverson (7). 

The basal ration for vitamin A assays consisted of purified casein 
18 percent, cornstarch 54 percent, irradiated dried yeast 7.5 percent, 
Wesson salt mixture (8) 3.5 percent, agar-agar 2 percent, and hydrog- 
enated vegetable fat 15 percent. 

1 Received for i)ublication Octol>er 16, 19311. Pajwr No. 109 of the Technical Series, North Carolina Agri- 
cultural Experiment Station. 

2 Italic numbers in parentheses refer to Literature Cited, p. 143. 
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The mothers of the rats used for the assays received Sherman's diet 
B as modified by Russell (6) until the litters were 12 to 14 days old, 
when they were changed to the above-described vitamin-A-free basal 
ration. After weaning, the young rats were kept on the basal ration 
until they ceased to gain in weight. Almost invariably at this time, 
about 35 days after weaning, ophthalmia was moderately severe. 
The rats wore then placed in individual screen-bottomed cages, con- 
tinued on the basal ration, and one-half of them were given daily 1 
gm. of the sample being tested. The remaining animals were kept as 
negative controls. 

The sample is reported as free from vitamin-A activity when the 
test rats, usually 4 for each sample continued to lose weight and died 
in about the same length of time as their controls. Those samples 
that promoted growth in the test rats and alleviated the ophthalmia 
were assayed quantitatively. Usually each of 10 rats was fed daily 1 
gm. of the sample being assayed, and at the same time an equal number 
of rats were given daily definite doses (at least 2 planes) of the Inter- 
national Standard carotene dissolved in refined cottonseed oil (Wesson 
oil). All rats received the basal ration ad libitum. The standard 
carotene solution was sealed in glass ampoules under nitrogen gas as 
soon as made and kept in the freezing compartment of an electric 
refrigerator until needed. After an ampoule was opened its contents 
(enough for 3 to 7 days) were kept in the refrigerator when not in 
actual use. 

One sample of Tokyo soybeans was grown on the experiment station 
farm and one of Rokusun soybeans was obtained through the courtesy 
of Charles Dearing from the Coastal Plain test farm. All others were 
obtained from a local seed dealer. 

All samples were of high viability ^ and were carefully hand picked, 
only seed of uniform color and size being retained for the assays. 
The samples were kept in the refrigerator until assayed. 

RESULTS OF ASSAYS 

The results of the assays are given in table 2. 


Table 2. — Vitamin A and Bi content of different varieties of soybeans and cowpea 


Variety 

Vitamin A 
per gram 

Vitamin 
Bi per 
gram 

Variety 

Vitamin A 
per gram 

Vitamin 
Bi per 
gram 


Interna- 

Interna- 


Interna- 

Interna- 


timal 

tional 


tional 

tional 

Soybeans: 

units 

unUs 

Cowpeas: 

units 

units 

Laredo 

1.3 1 

4.1 

Whippoorwill 

0 

2.3 

Herman.. 

.5 

3.6 

Brabham - ^ . 

0 

2.7 

Tokyo 

0 

3.2 

Grolt.-- 

.6 

3.0 

Do 

.5 

3.2 

Blackeye - - - 

0 

3.5 

Biloxi 

0 

3.0 

Iron 

0 

3.6 

Do 

0 

3.6 

Clay - - - 

0 

3.7 

Mammoth Yellow 

0 

3.8 

Sugar Crowder (cream) 

0 

2.6 

Do 

0 

3.2 

Sugar Crowder (brown) . 

.6 

2.6 

Otootan 

1.3 

,3.7 

Small Black — 

0 

2.8 

Do - 

.6 

4.1 

Do - 

0 

3.1 

Vlr<ylnift 

0 

4 8 




▼ A& lollies.. 

Do., 

.5 

4 ! 3 

Average 


3.0 

Tarheel Black 

I .5 

3.3 




Do 

1 0 

4.1 




Rokusun 

0 

3.0 




Average 


3.8 





» Tested through the courtesy of .T. W. Woodside of the seed laboratory of the State Department of Agri- 
culture. 



Jan. 15, 1940 


Vitamin Content of Soybeans and Cowpeas 


143 


The results of the biological tests for vitamin-A activity of soybeans 
are in accord with those of animal feeders, who find that soybeans 
‘^supply no appreciable amount of vitamin (4, P- 870), 

The quantities of carotene in the named varieties of soybeans and 
cowpeas in table 1 are equivalent to 0.4 to 0.8 International Unit of 
vitamin A per gram. These figures do not differ significantly from 
those in table 2 when it is considered that the carotene assay is capable 
of evaluating much smaller quantities than the biological method 
and that the amounts present are at or below the lower limit of the 
latter. Some difference between the two sets of assays is to be 
expected because of seasonal and other variations within the varieties, 
because of differences in maturity when harvested (P), and because 
all of the carotene present may not be utilized by the animals (,9). 

The varieties of soybeans assayed contained somewhat more 
vitamin Bi than the cowpeas, although the differences are not great, 
and some samples of cowpeas were as rich in this factor as some of the 
soybeans. The values in table 2 are two to four times as great as 
those previously reported (table 1). The data given in table 1, 
however, are too meager to warrant any detailed comparisons. Both 
soybeans aiul cowpeas may be regarded as excellent sources of vita- 
min Bi. 

SUMMARY 

Nine common varieties of soybeans and eight of cowpeas, 15 and 
10 samples respectively, were purchased from a seed store and assayed 
by the rat-growth method for their vitamin-A activity and vitamin-Bi 
content. 

The results show that none of these varieties of soybeans or cowpeas 
contain appreciable quantities of vitamin A. The soybeans contain 

3.2 to 4.8 International Units of vitamin Bi per gram and the cowpeas 

2.3 to 3.7. There are no marked differences between varieties. 
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THE DETERIORATION OF THE BOVINE UDltEiriN THfe" 
ABSENCE OF STREPTOCOCCI ‘ 


By E. G. Hastings, chairman, f\,m\ Pi. H. Peterson, formerly research assistant, 
Department of Agricultural Bacteriology , Wisconsin Agricultural Experiment Station 

INTRODUCTION 

The rate of decline in the productive life of the modcUTi dairy cow 
apijroximates 25 percent annually in the chief dairy regions of the 
United States and reaches 50 percent in large lierds maintained by 
purchase. Many observers class deterioration of the udder as one 
of the important if not the most important factor in such ^‘wastage’’ 
of dairy cows. 

The role wliich certain of tlu^ streptococci play in the deterioration 
of the mammary gland of the cow has, during the past decade, been 
studied in each of tlu^ important dairy regions of the world. Thesis 
bacteria are unanimously considered as the most important agcuicy 
in the causation of udder troubles. 

Th(». significance of other bactc'ria. such as certain of tlie staphy- 
lococci, has recently been emphasized, and th(> literature of this phase 
of the question has be(*n pr('S(*nt(‘d by l’lastridg(‘ and his associates, 
as have the extended observations made by them (11). ^ 

The possibility that there may be ag(>nts other than bacteria 
causing deterioration of the mammary gland has been suggested by 
Meigs and his associate's (7) who studied the effect of milking machines 
in producing such change's in the milk as are inelicativc of chronic 
inflammation of the gland. 

A filtratable virus was isolated from cows having mastitis by 
Broadhurst and her co workers (7). Hastings and Beach (3, 4 ) de- 
scribed cases of chronic mastitis in a herd of cows free from udder 
streptococci. The phrase ^‘nonspecific mastitis’^ was used to indi- 
cate that no specific cause was found for the disturbances noted. 
The observations presented in these and in other papers indicate 
the complexity of the subject and emphasize the need of more extended 
observations made under a wide variety of conditions. 

The present paper reports the observations made on a group of 
Holstein-Friesian heifers assembled previous to their first lactation 
period for the purpose of studying certain aspects of nutrition. 

THE HERD AND THE METHODS 

The 18 animals used in this experiment were kept in stable and yard 
constantly, and each received a ration which was not below that 
used on many dairy farms either from the quantitative or qualitative 

} )oint of view. It thus seems that the abnonnalities noted in the 
unction and in the tissues of the udder cannot have been due to 
deficiencies in the feed. 


1 Received for publication November 20, 1939. 
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The cows were milkc'd by a macliinc with care as to vacuum used 
and the length of time the machine's were left on the cows. On 1 
day of each week each cow was milked, morning and evening, by the 
machine so modified as to emable one to deterrmine the yielel of each 
separate quarter. The samples to be used for chemical determinations 
consisted of the* first 80 cc. of milk from e'ach quarter drawn into sep- 
arates bottles, while those for bacteriological examination consisted 
of a few cubic centimeters drawn into a sterile container immediately 
after the milk for the chemical tests had been taken. The chlorine' 
in the chlorides of the milk was elestennined by titratiem with silver 
nitrate, 10 cc. of milk diluted with 80 cc. of water in the pressence of 
2 cc. of a 10-pe>rce'nt solution of potassium dichrennate being used. It 
is rescognizee! that this methoel gives highesr apparesnt values than 
that emiployeel in previous sludie's {3, 4). Since ce)nsideration of tlies 
elata is confine'el to the group of animals observeel, this limitation 
is of ne) significance'. 

The values given for catalase rei)resent the vedume of oxygeji 
eve)lved from a mixture of 2 volumevs of the sample and 1 volume 
of a 1 -percent solution of hydrogen peroxide, expressed in percentage 
of the ve)lume of milk used in the test. Tlie methoel elevised by 
the senior author for collecting and measuring the gas has been 
briefly describeel in a previous paper {5). Owing to the content 
of all body cells in catalase anel to the relative, if not absolute, freedom 
of sue'h fluids as the blood serum therefrom, the catalase values 
are believed to be an indirect 'measure of the content of the milk 
in intact body cells of all types and in cellular debris. The catalase 
value seems to have all tlie significance that an enumeration of cells 
has and is obtained with less effort. 

CHLORINE AND LACTOSE 

Davies {2) has shown that the chlorine content of the milk of 
difl’erent breeds is not the same, and it may be that the differences 
between individual animals of the same breed are significant. The 
observations of Davies show the fallacy of using any value such 
as 0.14 percent as an indication of disturbance in the udder when 
nothing is known about the normal level of chlorine in the milk of 
the animal in question. It seems safe to assume that the values 
for chlorine and catalase found in the milk i)roduced by an animal 
in that part of the first lactation period immediately after the colos- 
tric stage, represent the base levels for that animal, and that persis- 
tent and marked deviations therefrom indicate a deterioration of 
the udder, and especially of individual quarters which show more 
marked deviations from the base level than other quarters, partic- 
ularly when such changes are accompanied by a decreased quantity 
of milk. It is generally beheved that the milk is isotonic with the 
blood, the freezing point of which is supposed to remain constant. 
The lactose and chlorides are believed to be the principal agents in 
governing the freezing point of milk, hence it follows that an increase 
in chlorine of 1 unit will necessitate a decrease in lactose of 11.1 
units {12), A decrease in the percentage of lactose indicates a pro- 
found change in the procedure of milk synthesis in the udder. 

In previous studies, in the absence of more definite reference 
points for chlorine and catalase values, use was made of arbitrary 
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values to separate the normal from the abnormal; thus 0.15 percent 
of chlorine was the upper normal limit for chlorine, and 50 the max- 
imum value for normal catalase. 

In the present studies more definite reference points have been 
available since tlie observations on the composition of the milk 
bejz:an at the beginning: of the first lactation. It is assumed that the 
values found in the first fiO-day interval after calving represent the 
base level of the animal in question, an assumption made more 
certain when the values of all quartern are much the same. 

thp: findings 

BACTERIOI.OGICAL FINDINGS 

At the beginning of the study the bacteriological methods employed 
were those commonly used for the detection of streptococci. It 
soon became evident that this group of cows, like the one formerly 
studied, was free from udder streptococci, a condition which con- 
tinued throughout the period of observation. Some students of 
clironic mastitis believe that strejitococci arc ])resent in tlie mammary 
gland of every cow, and that failure to demonstrate them is owing 
to proce<lures used. It would seiun that had stre])tococci been 
])r(^sent in any animal of the group, they would have reached easily 
(lete(*table numbers in some one of the animals at some time in the 
period of observation, if they were responsible for the abnormalities 
which appeared in the milk and tissues of (‘crtain (juarters of some 
of the animals. Various ])ro<*edures were followed in order to secure 
a more (‘omiilete picture of the flora, of the uddeis than could be 
obtained by the ordinary ones designed to detect stTeptococci. 

The apparent lack of consistemw in the occureiu'c of any recognized 
type of bacteria has led to the tentative conclusion that no organism 
in the cultures was responsible for the (hanges noted in the secretion 
and tissLU's. The pathology of the abnormality, whi(*h in previous 
papers has been called nonspecific mastitis, has already been pre- 
sented U0)j as lias its possible relationship to infection of the 
udder with streptococci (/?). 

DETAILED FINDINGS 

Eleven of the original eighteen cows were observed during three 
lactation periods. During the first period observations were made 
each week. In the second and third periods the time between the 
samplings was somewhat longer on the average. It is impossible 
to present the detailed data for even a part of the group. In order 
that a sufficiently complete picture might be presented each lacta- 
tion period has been divided into GO-day intervals and tlie average 
percentage of chlorine for all samples taken in any one interval has 
been calculated, as have the catalase value and daily production 
of milk by each quarter. The values f()r the last sample taken from 
each quarter in each period are also given in the tables. The use 
of averages eliminates the effect of transitory deviations from the 
normal and presents the trend of the continuous changes more clearly. 

It is regretted that observations on the productivity of the quarters 
were not made in the first part of the first Jactation period and the 
last part of the third. The data are, however, sufficiently complete 
to give a general picture of the conduct of each quarter. Of the 
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11 animals 4 were considered to be normal tliroughout the time of 
observation as regards the condition of their udders, while 7 became 
abnonnal iit some time and in some degree during the time of obser- 
vation. The detailed records of 2 of the 4 normal cows and of 3 of 
the 7 abnormal cows are presented in the following tables. 


Normal Cows 

The reciord of cow 1 is given in table 1. It is to be noted that an 
increase in the percentage of chlorine is evident by the one hundred 
and eightieth day of the first lactation period; that the increase be- 
comes greater as the period passes; that at the beginning of the second 


Tarle 1. — 1 ield, chlorine content ^ and catalase value of foremilk, at different stages in 
a lactation 'period and in different periods^ for each quarter of norfnal cows 1 and 10 

cow I 


Lactat ion 
])(Tio<l and 
interval < No. 

(Quarter 1 

(.Quarter 2 

Quarter 3 


C^uarler 1 

Yield 

per 

day 

Chlo- 

rine 

Cat.a- 

lasj; 

value 

Yield 

per 

day 

Chlo- 

rine 

( -aln- 
lase 
value 

^’ield 

per 

<iay 

Chlo- 

rin(5 

("ata- 

laso 

value 

Yield 

per 

day 

Cl do- 
Fine 

Cata- 

lase 

value 

First. 

Lfj. 

I'cf.. 

PcL 

U. 

]*cf. 

ref. 

Lh. 

I\i. 

Pd. 

JA 

Pd. 

Pc/. 

J... 


0. 1 10 

9 


0. 105 

8 


0. 107 

10 


0.113 

10 

2 . . 


, 1(»3 

8 


. 10.5 

16 


. 105 

10 


. 097 

12 

3. 

4.3 

.111 

18 

4.9 

.114 

18 

4.8 

.113 

8 

3.8 

.111 


' 4 

3. fi 

. 122 

12 

4.2 

. 1.33 

13 

4. 2 

. 128 

10 

3.2 

. 132 

11 

5.. 

2.8 

. 138 

13 

3.4 

.137 

10 

3. .5 

. 145 

10 

2.4 

. 146 

13 

(■> . . 

2.2 

. IfiO 

13 

2.9 

.142 

10 

3. 0 

. 105 

42 

2. 0 

.123 

22 

m * . . 

2.2 

.177 

32 

3.2 

. 161 

36 

3.5 

.216 

1.50 

2.5 

.203 

83 

Second; 













1 

r;.5 

.100 

22 

.5.4 

.124 

23 

6.1 

. 123 

24 

4.4 

. 12.3 

28 

2 

4.0 

.151 

22 

3. 6 

.1.59 

21 

4.7 

. 112 

26 

3.1 

.119 

28 

3 

2.6 

.163 

36 

3. 1 

.137 

22 

3.6 

.104 

44 

2.3 

.114 

27 

4 

1.7 

.171 

94 

3. 1 

.173 

50 

2.3 

. 221 

100 

1.5 

. 176 

.56 

T) 

.9 

. 224 

.56 

1.8 

.200 

23 

1.1 

. 252 

93 

1.2 

. 205 

2t» 

271 « 

.6 

.247 

68 

1.4 

.210 

33 

1.4 

. 2.54 

94 

1.1 

.220 

31 

Third; 













1 .... ...... 

8.7 

. 136 

44 

10.2 

.142 

41 

7 .5 

. 108 

71 

7.3 

.115 

60 

2 

7.3 

. 100 

,58 

9.0 j 

. 1.50 

50 

LI 

. 1.59 

47 

6.4 

.151 1 

40 

3 - . 

3. 6 

. 219 

110 

5.3 1 

.183 ! 

60 

5. 1 

. 198 

70 

4.1 

.207 

65 

4,. . . .. 


. 268 

159 


.229 i 

93 


. 236 

115 



. 2.54 

132 

204 2 ... 


. 255 

167 

1 

1 

.229 j 

87 



. 233 

119 


. 2.59 

163 


COW 10 


First; 













1 


0. 115 

5 


0.115 

4 


0. 112 

5 


0. 113 

5 

f) 

7.6 

.123 

9 

8.7 

.121 

4 

9.3 

.116 

5 

7.6 

.121 

8 

3 

6. 4 

.123 

6 

7.4 

.132 

19 

7.8 

.129 

15 

6.3 

.127 

6 

4 

6.1 

.1.50 

16 

7.2 

.161 

31 

7. 1 

.154 

17 

6.3 

.151 

10 

5 

.5.4 

.144 

12 

6.1 

.151 

26 

6.6 

.142 

8 

.5.1 

. 146 

8 

6 

3.4 

.186 

69 

4.6 

.168 

45 

4.3 

. 168 

22 

3.2 

.180 

31 

359 * 

2.6 

.234 

80 

3.2 

.212 

104 

2.5 

.207 

39 

1.7 

.226 

36 

Second; 













1 

9.6 

.110 

18 

10.2 

.127 

41 

11.2 

.111 

19 

8.0 

.108 

13 

2 .... 

8.5 

.131 

28 

8.1 

.134 

32 

10.7 

.118 

8 

9.1 

. 1.56 

20 

3 

7.8 

.144 

50 

7.3 

. 1,50 

52 

9.6 

. 1.34 

23 

7.5 

. 131 

33 

4 

6. 6 

. 165 

48 

6.2 

.170 

44 

8.0 

. 164 

33 

6.7 

. 1.50 

21 

5.. 

4.2 

.2(K) 

38 

4.3 

.204 

36 

4.3 

. 190 

34 

4.3 

. 175 

81 

6 . 

3.8 

.227 

63 

2. .5 

.182 

58 

3.9 

. 230 

42 

2.8 

.214 

39 

330 2 

4.5 

.259 

94 

2.7 

.280 

104 

3.6 

.287 

84 

2.8 

.245 

47 

Third; 













1 

9.6 

.166 

37 

11.7 

.157 

20 

13.6 

. 163 

15 

9.2 

. 1.52 

21 

2.. 

9.5 

.188 

92 

12.3 

.163 

25 

13.7 

.146 

12 

8.7 

.147 

18 

3 


. 180 

60 


.160 

24 


.1.56 

17 


.163 

35 

4 . 


■ . 187 

82 


. 168 

44 


.168 

29 


.158 

17 

5 . 


. 197 

41 


.199 

33 


.192 

32 


.171 

20 

6 . 


.202 

50 


.196 

38 


.208 

42 


.187 

24 

309 2 


.207 

47 


.202 

33 


.205 

31 


.185 

19 















* xuMjrviu iH in; uaye. .... 

> The day of last sampling. It also gives length of the last interval, e. g., in second period for cow 1, 4 
intervals pins 31 equals 271 days. 
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period it is higlicr in three (juarters than at the beginning of the first; 
and that the increase is earlier in the second period than in the fii’st 
and reaches a higher level at the end. The percentage of chlorine is 
higher at the beginning of the tliird period than at the first part of the 
second. A parallel increase dining any period, and from period to 
period, occurs in the case of catalase. 

The data in table 2 are the averages of all quarters for chlorine and 
catalase for the first 60-day interval of each i)eriod, and for the fourth 
interval. The samples from which the data were obtained consisted 
of the first 80 cc. of milk from each quarter. In previous work both 
the foremilk and the entire quantity produced by a quarter were ex- 
amined. The entire milk of a quarter tended to show the same pro- 
gressive change in cldorine and catalase content as did the foremilk, 
but to a less extent. Tliis indicates that the change in composition is 
not caused by increased excretion of fluid from the membranes lining 
the milk ducts, but is the result of some modification in the synthesis 
of the milk. 

'I'ahle 2. (Chlorine conienl and cafnlase value of foreju ilk during 2 intervals of S 
lactation periods for normal cows 1 and 10 



j Cow 1 

Cow 10 

l.a'.talion priiod 

IntiTval 1 

Interval 4 

Interval 1 

j Interval 5 


Chlorine 

Catalase 

value 

('hlorine 

f'atalas' 

value 

Chlorine 

Catalase 

value 

(Milorine 

Catalase 

Value 


Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

1 ... 

0. 109 

9 

0. 129 

12 

0. 114 

u 

0. 140 

i:i 

2 

. 120 

24 

. IKf) 

T.*) j 

. 114 j 

2:1 

. 192 

22 



.140 

r)4 

.247 

12f) 

. 157 

47 

. 190 



It is evident from the values given that cow 1 would have been 
judged as definitely mastitic during the last of the second period, and 
during the third after the one hundred and twentieth day, since a com- 
posite sample would have given chlorine and catalase values in excess 
of commonly accepted standards. It is believed that cow 1 may be 
considered normal, on the basis that all quarters change in much the 
same manner throughout each period and from period to period. 

Little (6) presented data of similar significance. His observations 
were made on cows yielding milk which failed to show mastit is strep- 
tococci, or alteration due to staphylococci or miscellaneous organisms. 
The data were for groui)s of cows and showed an increase in chlorine 
and in leucocytes as the lactation period i)asscd, and from one period 
to the succeeding. It was also noted by Little that the bacterial con- 
tent increased in a period, and from period to ])eriod, a conclusion 
which the findings of the present writers tend to confirm. It thus 
seems that in some cows with apparently normal udders there is a 
slowly progressive change which is reflected in the comi)osition of 
the milk, and in a lessened inhibitory power toward bacteria. It 
may be that herein lies the explanation for the higher incidence of 
infection of the udder with streptococci in older than in younger ani- 
mals, rather than in greater opportunity for infection because of 
longer time. Cow 1 produced 5,193 pounds of milk in 270 days of the 
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first period and only 3,306 in the same interval of the second. During 
205 days of the third period, 5,093 pounds were produced as com- 
pared with 2,961 in the same number of days of the second. The 
cause of the small production in the second period is unknown, and 
was not evident in the appearance of the animal. 

The record of cow 10 is also presented in tables 1 and 2. The 
changes are similar to those noted hi cow 1, but are of less magnitude 
in any interval. The udder of this animal resisted change to a greater 
extent than did that of cow 1. This resistance is reflected in the yield 
of milk, which increased more than 22 percent from the first to the 
third period. The two remaining normal animals showed changes 
similar to the two cow^s just discussed. The quantitative shifts in 
composition were greater than those in the milk of cow 10 and less 
than those in that of cow 1. It seems unnecessary to present the 
detailed data. 

Aj3NOKMAIi AND INTERMEDIATE AnIMALS 

The record of cow 18 is given in table 3. The outstanding points 
of the record for the first period are the high chlorine and catalase 
after the three hundredth day, and the apparent normal values pre- 
vious to this time. The extent of changes was mucli the same in 
each quarter. In the first interval of the second period only one (juarter, 
4, is normal, the other three having a.n average chlorine content of 
0.209 percent as compared with Q.127 percent in the first ])erio(l. The 
abnormality increased in intensity during the third period in (juarters 
1 and 2; quarter 3 changed from abnoiTiial to normal; and ({uarter 4 
from normal to abnormal in the third jieriod. This is one of the 
few cases of reversion to normal noted in the writers^ observation 
of two groups of cows. 

Quarter 3 which changed from abnormal to normal, produced in 
the second interval of the second period 24.6 percent of the total yield 
of milk, and in the third period, 33.9 percent. Quarter 4, normal 
in the second period, and abnormal in the third, produced 25.5 and 
21.2 percent in the second interval of these periods, respectively, 
the changes in the milk were not the same in the difl’erent quarters, 
a condition which may have indicated the presence of some agent not 
present in cows 1 and 10. The total production for the first 250 days 
of each period was 7,034, 7,342, and 6,389 pounds, respectively. 

The record of cow 8 is also given in table 3. The quarters do not 
present the same picture in the first period; quarter 3 was abnormal 
after the first interval, and quarter 1 after the second. The base 
level of chlorine for the animal was 0.119 perc^ent. In the first inter- 
val of the second period, 0.260 percent of chlorine was found, and 0.278 
percent in the third period. The values for catalase were 24, 137, 
and 126. The cow produced in the first 90 days of each of the three 
periods 4,437, 3,986, and 4,524 pounds of milk, respectively. 

The record of cow 7, given in table 3, represents an intermediate 
between the normal and the distinctly abnormal. The third quarter 
in the third period produced milk far exceeding the usual standards 
of chlorine and catalase. The yield of milk decreased from 7,006 
pounds in the first 250 days of tlie first period to 6,584 pounds in the 
second, and to 5,451 pounds in the third, evidencing a progressive 
deterioration of the udder which is reflected in the composition of the 
milk in regard to chlorine and catalase. 
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Table 3. — Yields chlorine content^ and catalase value of foremilk, at different stages 
in a lactation period and in different periods, for each quarter of abnormal cows 18 
and 8, and intermediate cow 7 


A11NM)HMAL COW 18 


Lactation pe- 
riod and in- 
ter van No. 

Quarter 1 

Quartt'r 2 

Quarter 3 

t^uartor 4 

Yield 

per 

day 

Chlo- 

rine 

(’ata- 

lase 

value 

Yielfl 

per 

<lay 

Chlo- 

rine 

Cata- 

lase* 

value 

Viehl 

per 

<lay 

( 'hlo- 
rine 

Cata- 

lase 

value 

Yield 

TH*r 

day 

(’hlo- 

rine 

(^ata- 

la.se 

value 

First: 

Lh. 

Pet. 

Pet 

7.h. 

Pet. 

Pet. 

U. 

Pet. 

Pet. 

Lb. 

Pet. 

Pit. 

1 --- 


0. 132 

11 


0. 122 

11 


0. 127 

i; 


0. 131 

n 

2 

7.8 

.129 

9 

9.8 

. 123 

6 

6.9 

. 137 

9 

5. 8 

. 137 

8 

3 

0. f) 

. 145 

12 

7.2 

. 129 

3 

6.4 

. 141 

9 

5. 5 

. 142 

1 1 

4 

fi.8 

. 157 

7 

7.6 

. 177 

24 

.5. 9 

. 165 

10 

5. 1 

. 169 

15 

r^ 

3.9 

. 174 

21 

5.3 

. 210 

04 

4.2 

. 187 

27 

3. 5 

.172 

15 

r» . 

1. 1 

.361 

116 

1.6 

. :i.39 

123 

1.2 

. 343 

135 

1. I 

.313 

123 

3192 . . , 

. 

. 378 

98 

.9 

. 360 

no 


. 376 

133 


. 329 

138 

Second : 













l..„ 

9.9 

.200 

98 

11.2 

.202 

108 

10.4 

. 225 

no 

10.2 

. 125 

27 

2 

7.3 

.207 

140 

9.1 

. 229 

115 

8. 1 

.249 

123 

8. 4 

. 126 

21 

3 

,'5.8 

. 207 

123 

7.5 

.217 

131 

6.3 1 

. 233 

129 

7.0 

. i:i6 

18 

4 „ 

n.o 

.240 

108 

6.5 

. 242 

92 

5.0 

. 257 

74 

0.4 

. 157 

18 

r)-- 



. 360 

190 1 


. 370 

170 


. 361 

1<M) 


. 287 

122 

2r)7 2 . ... 


. 3{>8 

180 


. 396 

192 


.400 

188 


. 371 

192 

Third: 













I - 

O.f) 

.271 

158 

7.2 

.317 

1 05 

12.0 

.177 

38 

7.7 

. 250 

150 

9 

6.0 

.271 

173 

0. 1 

.IWO 

208 

9.0 

. 184 

54 

6. 0 

. 280 

151 

3 


.242 

129 


. 275 

146 


. 175 

33 


.272 

158 

4 , _ ... 


. 270 

120 



. 240 

ill 


. 196 

62 


.281 

106 



. 276 

133 


. 260 

100 


. 307 

127 


315 

136 

283 2 


.287 

1 139 



. 275 

116 

1 


.310 

139 

. . . 

!283 

119 

- - 

' ' 
















ABNORMAL COW 8 


— 


■ - 




— 

— 







f'irst: 













1 

6.2 

0. 121 

9 

9.2 

0. 129 

16 

8.7 

0 140 

51 

7.0 

0 127 

20 

2 

5.4 

.159 

13 

7.5 

.138 

6 

6. 2 

.232 

63 

5.7 

. 170 

20 

3 

3.3 

.200 

31 

6.2 

. 145 

10 

4. 6 

. 279 

107 

4.6 

. 185 

29 

4.„. 

2.1 

.264 

104 

4. 1 

.222 

44 

3.7 

. 258 

113 

3.2 

.204 

64 

5... 

1.0 

.244 

108 

2.5 

.247 

94 

J.3 

. 269 

117 

1.5 

.225 

107 

268 2 

1.0 

. 2.53 

102 

1.9 

. 257 

97 

7 

. 265 

120 

1.5 

. 265 

118 

Second: 













1 

6.8 

. 26,3 

88 

8.9 

. 289 

182 

9. 1 

. 272 

150 

7.5 

.216 

121 

2- 

5, 4 

..341 

137 

7. 4 

.287 

133 

7.6 

. 320 

135 

0.4 

. 303 

131 

3 

1.8 

.362 

188 

3.7 

..320 

182 

4. 1 

.333 

182 

3. 1 

. 3,30 

190 

4 


..329 

143 


. 309 

137 


.310 

113 


. 361 

185 

194 2 


.317 

172 


. 320 

139 

. , 1 

.315 

144 


. 345 

191 

Third: 













1 


.2,50 

100 


.321 

163 

— 

.290 

150 


. 246 

91 

2 .. 


. 285 

152 


. 3.30 

187 


.287 

139 


. 176 

102 

3 


.300 

132 


.297 

j 143 


.264 

88 


. 261 

89 

4 


.299 

1.33 


. 196 

120 


. 293 

124 


. 297 

126 

204 2 

— 

.287 

HI 

- 

.282 

131 


.270 

135 


. 280 

119 


intehmp:diate cow 7 


First: 













1 


0.118 

15 


0. 120 

10 


0.127 

22 


0.118 

32 

2 

7.6 

.110 

7 

8.3 

.117 

10 

7.8 

. 130 

14 

7.4 

.107 

6 

3._ 

6.8 

.114 

7 

7.4 

. 129 

15 

6.8 

' .148 

23 

6. 5 

.117 

8 

4 

5.2 

.140 

9 

6.0 

. 1.52 

17 

5. 5 

. 183 

30 

.5.3 

. 135 

10 

5 

2.8 

.1.52 

23 

3.0 

. 169 

Zi 

3.0 

.176 

28 

3 0 

. 165 

42 

283*. 

.9 

.200 

60 

1.3 

.214 

37 

1.2 

.212 

38 

1.0 

.209 

51 

Second: 













1 

9.4 

.081 

11 

10. 2 

.093 

19 

8.5 

. 104 

30 

8.0 

.084 

10 

2, 

8.0 

. 124 

91 

9.2 

.104 

44 

7.6 

.111 

27 

7.5 

. 102 

24 

3 

4.8 

.188 

140 

7.3 

. 118 

38 

6.4 

. 151 

55 

6.4 

.140 

17 

4 

3.2 

.244 

144 

.5.8 

. 163 

46 

5.6 

.208 

73 

. 6. 2 

.1.58 


5. 

.9 

.286 


2.1 

.317 


2.1 

.302 


1.2 

.279 


250 » 

.9 

.286 


2.1 

..317 


2.1 

.302 


1.2 

.279 


Third: 













1 

8.4 

.143 

32 

9.9 

. 170 

34 

7.3 

.202 

89 

5.1 

.175 

91 

2 

7.2 

.138 

29 

7.3 

. 170 

28 

5.5 

.203 

72 

4.7 

.170 

30 

3.... 


. 146 

53 


, 209 

64 


.251 

125 


. 189 

.53 

4 

j 

.211 

93 


S .237 

105 


.244 

146 


. 240 

84 

5 


.276 

1.36 


I .287 

126 


. 304 

188 


. 290 

102 

2433 


.276 

136 


.287 

126 


.304 

188 


.290 

102 















1 Interval Is 60 days, 


> See footnote 2 , table 1. 
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Increases in Chlorine 

Table 4 shows that the milk produced by the individual quarters 
of each animal has, in general, a higher content of chlorine in the tliird 
than in the first interval of any period. This is the increase usually 
ascribed to late lactation. The data show that evidences of such 
changes appear earlier than is commonly supposed. 


Table 4. — Chlorine content of foremilk from each quarter of five cows at different 
intervals of the same lactation period and in different periods 




First interval 

Third interval 

Cow No. 

Period 











Quarter 

Quarter 

Quarter 

Quarter 

Quarter 

Quarter 

Quarter 

Quarter 



1 

2 

3 

4 

[ 1 

2 

3 

4 



Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 


1 

0.110 

0. 106 

0. 107 

0. 113 

1 O.lll 

0.114 

0. 113 

0. Ill 

1.. 

2 

. 109 

. 124 

. 12:1 

.123 

.103 

.137 

.104 

.114 


3 

. 130 

.142 

.168 

.166 

.219 

.m 

.198 

.207 


1 

.116 

. 116 

.112 

.113 

. 123 i 

.132 

.129 

.127 

10 

2 

.110 

.127 

.111 

.108 

.144 ! 

.160 

.134 

.131 


3 

.106 

.167 

. 153 

.1.62 

. 180 1 

.160 

. 156 

.103 


1 

.118 

.120 

.127 

.118 

.114 1 

.129 

.148 1 

. 117 

7 

2 

.081 

. 093 

. 104 

.084 

.188 

.118 

.151 

. 140 


3 

.143 

. 170 

. 202 

.176 

.140 

.209 

. 261 

.189 


1 

.121 

. 129 

.140 

.127 

.200 

.146 

.279 

.185 

8 

2 

. 203 

.289 

.272 

.210 

.302 

.320 ' 

.333 

. 330 


3 

. 260 

. 321 

.290 

.240 

.300 

.297 

. 204 

. 201 


1 

.132 

.122 

. 127 

.131 

. 146 

. 129 

.141 

.142 

18... 

2 

.200 

. 202 

. 226 

.126 

.207 

.217 

.233 

. 130 


3 

. 271 

. 317 

1 .177 

. 260 

. 242 

.275 

.175 

.272 


A comparison of the data shows the increase from period to period 
even in the animals classed as normal in all their quarters. In the 
case of the second period as related to the first the increase is slij^ht 
or absent, but generally marked in the third period as compared with 
the first and second . 

Table 5 shows that increases in catalase similar to those in chlorine 
occur in the milk of individual quarters in any period and from one 
period to the next. The increase in the cellular content of milk as 
the lactation period passes was noted by Kussell and Hoffman {13) 
and more recently by Little. Russell and HoflFinan also noted the 
increase in the cell content of the milk as the animal became older. 
According to prevailing theories chlorine and lactose must change 
together in order to maintain the milk in osmotic balance with the 
blood. The question as to which is the cause and which the effect 
cannot be answered. No matter what the answer, the fundamental 
process of lactose manufacture is interfered with. It is easy to con- 
ceive that the decrease in lactose is the cause of the increase in chlorine 
in such animals as the writers have considered normal, wliile in the 
case of a definite mastitis caused by some foreign element present in 
only a part of the q^uarters, the influx of clilorine may cause a dis- 
turbance in the physiology of lactose manufacture. Two phenomena 
are illustrated in the animals discussed herein: (1) An inflammatory 
process; (2) a physiological one, a part of the reproductive cycle of 
the animal. The latter seems to be accentuated from period to 
period. The milk becomes lower in nutritive value, and hence from 
certain points of. view the change may be looked upon as one of deteri- 
oration of the udder. 
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7'able 5. — Catalase value of foremilk from each quarter of five cows at different 
intervals of the same lactation period and in different periods 


Cow No. 

Period 


First 

Interval 

1 

Third interval 

QimrlGr 

1 

Quarter 

2 

Quarter 

3 

Quarter 

4 

Quarter 

1 

Quarter 

2 

Quarter 

3 

Quarter 

4 



Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 


1 

9 

8 

10 

10 

18 

18 

8 

7 

1 

«2 

22 

23 

24 

28 

30 

22 

44 

27 


:i 

44 

41 

71 

00 

110 

00 

70 

05 


1 

5 

4 

.5 

ly 

0 

19 

15 

0 

10 ... 

2 

18 

41 

19 

13 

50 

52 

23 

33 


8 

37 

20 

15 

21 

00 

24 

17 

35 


1 

15 

10 

22 

32 

7 

15 

23 

8 

7 

2 

11 

19 

30 

10 

HO 

38 

55 

7 


3 

32 

34 

89 

91 

53 

Cl 

125 

53 


] 

9 

10 

51 

20 

31 

10 

107 

29 



2 

88 

182 

l.W 

121 

188 

182 

182 

190 


‘A 

100 

103 

150 

91 

132 

143 

88 

89 


1 

11 

11 

« 

11 

12 

3 

9 

11 

18 

2 

98 

108 

iin 

27 

123 

131 

129 

18 
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105 

38 

150 

129 

140 

33 
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The histoloj^ical changes found in tlie tissues of such quarters as 
1 luid 2 of cow 18 in the second aiid third periods liavc been descuibed 
in a jirevious paper (/O). 


MrLK Prodttctioint 

The influence of any disturbance in the udder on milk production 
is difficult to determine since so many factors may be (‘oncerned. It 
has been stated earlier that an abnormal ([iiarter seems to produce 
less than the share of milk it produced when normal. It is possible 
to calculate from tlie data presented the part of tlvo total milk pro- 
duced by each (juarter at any interval in any period. The question 
of compensation cannot be answered in any case, and tlius the (}ues- 
tion of total production in its relation to the condition of tlie udder, 
as indicated by changes in the milk, may bo the most significant 
fact. Eleven cows were observed during three periods in sucdi detail 
as to form a basis for judgment as the condition of tlie udders. The 
11 animals were placed in 3 groups: One containing the normal cows, 
another the most abnormal, and a third of intermediate condition. 
The production in the same number of days in the first and second 
periods is presented in table 6 in percentages of increase or decrease 
and a similar comparison is made for the second and third periods. 

Table 6.-- Percentage changes in the production of ^ milk in successive lactation 
periods hy cows classified as normaly slightly ahndrmaly and very abnormal 


Classification 


lucronse (+) or de- 
crease (~) in pro- 
duction from— 

Number 

First to 
second 
j)eriod 

Second to 
thinl 
period 

Normal cows - 


Percent 

+16 

Percent 

+24 

+12 

Slightly abnormal cows 


+4 

Very abnormal cows, 

2 

~3 

+2 
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DISCUSSION 

The tissue of the lactating udder of the cow seems very responsive 
to stimuli, or, in other words, is easily irritated. It is conceivable 
that a mild irritant acting through long periods of time may cause a 
noticeable disturbance in function and in structure. The milking 
machine under certain conditions and on certain cows may exert such 
a continuously irritating effect. Bacteria of certain types may pro- 
duce slightly injurious compounds which, acting over considerable 
periods, may cause a detectable effect, and especially when they 
grow more freely than in the usual animal. The writers^ observa- 
tions suggest that the l)acteria are held in check more completely 
during the first lactation period than during subsequent ones. 

Many agents may be cooperating to produce such changes as arc 
described in this paper, and it may well be that students of mastitis 
are thinking in too narrow terms, a danger presented bv Shope 
p.932)\ 

Another fact of considerable interest that was not emphasized is that in the 
case of each one of the seven diseases discussed a simple **one agent’^ causation 
was in the beginning considered i)robable or proved. Some minor discrepancy or 
fortuitous observation led eventtially to the discovery that two agents were in- 
volved. This seems to indicate that those who are studying infectious diseases 
are thinking largely in terms of one instead of two causal agents. Tlu^y are still 
under the influence of the spirit of Koch’s postulates and find it diflicult to aban- 
don even occasionally the concept that for each infectious disease there must be 
a single s])ecific etiologic agent. If there is anything at all to be learned from 
present knowledge of the complex infections, it is that an infectious agent must 
fully explain aiul account for all of the features of a disease with which it is asso- 
ciated before it is accepted as the sole cause of that disease. Investigators imist 
think more often in terms of two factors if they are to gain full understanding of 
all the infectious diseases. 

The observations presented in this and in previous papers have raised 
questions rather than answered them. It is evident that dairy cows 
can bo managecJ intelligently, as regards the avoidance of deterioration 
of the udder, only with more complete knowledge of the factors in- 
volved and of their relations to each other. Munch-Petersen (5, p, 
2S8) concludes his recent survey of the literature on bovine mastitis 
with the statement that much of the work on the subject has been 
abortive because of lack of fundamental knowledge regarding many 
aspects of the subject. He emphasizes the necessity of additional 
research work on a number of points and states that among the con- 
ditions which must obtain in order to secure the necessary data — 

the herd must be newly established, and be founded by heifers coming to their 
first lactation, and must be handled for several seasons for the convenience of the 
research workers and the acquisition of knowledge relating to mastitis, rather 
than as a commercial concern; and the research workers must have laboratory 
facilities actually on the premises. 

The observations made at this station on two groups of cows em- 
phasize the need which Munch-Petersen presents. 

SUMMARY 

Eleven Holstein-Fresian cows were observed during the first, second, 
and third lactation periods as to the chemical composition of the fore- 
milk and the number and kinds of bacteria therein. 
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This group was not in contact with other cattle during the period of 
study. The ration of any member of the group was uniform through- 
out the period and was the equal, quantitatively and qualitatively, to 
tlie rations used on many dairy farms. The cows were milked by a 
machine, operated by an experienced operator. On 1 day of each week 
each cow was milked with tlie machine so arranged as to permit a deter- 
mination of the yield of eacli quarter. Samples were taken at weekly 
intervals throiigliout most of the period of observation and were ex- 
amined as to their chlorine content and catalase value and for number 
and kinds of bacteria. It is considered that the values found in that 
part of tlie first lactation period immediately after the colostric stage 
represent the normal or base level of chlorine and catalase for the in- 
dividual. On a(‘count of the relation existing between chlorides and 
lactose, the two substances that keep the milk serum in isotonic bal- 
ance witli the blood serum, a marked and persistent increase in the 
chlorine content of the milk imphes some d(‘grec of d(iterioration of 
the udder, as docs an increase in catalase, which is considered to be an 
indirect measuie of the content of the milk in cells or cellular debris. 

In tlie cas(i of each cow the percentage of chlorine and catalase in- 
creased as each lactation ])eriod passed, and from period to period. 

In some (‘ases tlu^ increase became evident at about the same time 
in each quarter and was of much the same magnitude in ea(*h. The 
chlorine content and catalase value then tend to be much the same 
(luring the early part of the se(*.()nd period as during the first i)art of 
the first lactation period, but reach significantly higher levels during 
the early pai t of the thii’d period. The average per(‘.entages of chlorine 
and catalase noted in the middle of the third lactation period were 
above tVie values usually considered as normal. The yield of milk 
showed from period to iieriod the exj)ected or normal increase. 

In other cases the normal level of chlorine and catalase of the early 
part of the first lactation period was exceeded in the early part of the 
second as wcdl as in the first i)art of the third period. In such animals 
the milk produced by the different quarters of the uchhu* did not change 
at the same time and to the same extent. The deterioration of the 
udders was then more marked than in the case of the animals classed 
as normal, as was shown by the fact that the yield of milk did not show 
the expected increase from the first to the sec’ond and from the second 
to the third periods. 

The results of the bacteriological studies, continued throughout the 
three lactation periods and obtained by various techniques, supplied 
no explanation for the changes noted. The udder of each animal re- 
mained free from streptococci through the three lactation periods. No 
other organism was found with sufficient consistency and in sufficient 
number to be apparently responsible for the changes noted in the milk 
and in the structure of the udder. The observations indicate that the 
causes of mastitis or of deterioration of the udder may be more com- 
plex than is now supposed and indicate the need of a more detailed and 
more prolonged study of the subject. 
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INFLUENCE OF THE PHYSIOLOGICAL AGE OF THE PEA 
PLANT ON ITS RECOVERY FROM APHID DAMAGE ' 

By ("ecil D. Harrington, indu atrial fellow. University of Wisconsin, and Ei>. M. 

Searls, assistant professor of Economic Entomology, Wisconsin Agricultural 

Experimerd Station 

INTRODUCTION 

During 1938, 335 lots of j)cas comprising 275 varieties vjirying in 
earliness of m«,tnrity were tested for resistance to the pea aphid 
(lllinoia pisl Kalt.). The aphid population, which had iii(;reased 
rapidly and reached destructive luimhers during the test, was sud- 
denly destroyed, a.i)pareiitly by fungi. The extent of recovery of 
tlie plants after the disappearance of the aphids ap])eared to be 
markedly inlluenced by the stage of maturity or ‘^jdiysiological age^^ of 
the res])ective varieties at the time of the infestation. The results of 
an analysis of this relationship is presented. 

MATERIALS AND METHODS 

The peas were ])lante(l May 1 in plots consisting of nine rows (> 
feet long and 8 inchc^s apart. Each plot was 2 feet from the adjacent, 
plots in each direction. The seeds were planted by hand, about Iji 
inches a])a.rt in the row. All ])lots were infested artificially on May 
23 from an aphid stock previously reared in a greenhouse. Tliis 
infestation, applied 2 weeks ))efore the anticipated peak of sj)ring 
migration from alfalfa., was believed to be sufficient to seriously injure 
all except the most resistant varieties. The identification of the 
resistant varieties, in this way, was anticipated. 

RISE AND DECLINE OF THE APHID POPULATION 

Cool and rainy weather kept the aphid population low until early 
eTime, when conditions changed and the aphid counts showed rapid 
increases. On «]ujie 22, an average of 2,575 aphids was recorded for 
each 3t)0‘^ sweep with an 11 -inch net. This number marked the j)eak 
of aphid infestation during the season. Coin(*ident with several 
warm rains between June 20 and 25, an outbreak of fungous disease 
occuri’ed among the aphids, and tlie rapidity and completeness of 
their disappearance was unusual. Net sweepings on June 30 showed 
an average of only 39 aphids per sweep. The aphids had reached 
damaging numbers by June 14 and continued to cause injury until 
about June 24, making a total damage period of about 10 days. A 
graph of the 1938 aphid population on peas is shown in figure 1. 

NATURE OF INSECT DAMAGE TO PLANTS 

The effect of the infestation was fairly uniform throughout the plots. 
The aphids concentrated upon the apical parts of the plants, injuring 
the tissue produced just before and during the time of heaviest infes- 

1 Received for publication July 29, 1939. This work was supported in part by a fund from the Associated 
Seed Growers, Inc., of New Haven, (^onn. 
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tation. These young and succulent vegetative parts became perma- 
nently shriveled and malformed. Well-formed pods were stunted 
and deformed, while very young pods and blossoms were blighted and 
fell. Several varieties dropped their blossoms even before the attack 
became severe. Others held their young pods until the pedicels had 
lengthened, the pods then falling. Still other varieties retained their 
pods throughout the infestation, the pods becoming twisted and 
dwarfed and producing at most, one or two peas. Spindly-stemmeci 
varieties such as Alaska and Wisconsin Early Sweet suffered most, the 
growing tips being Idlled. Succulent types like Onward and Prince of 
Wales, although stunted and apparently dead at the apex, recov(U-ed. 
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Figure 1. — Relation between the period of highest aphid infestation and the 
stage of development of three maturity groups of (Winning peas. In Aj the 
length of time elapsing, and the relative period, from full blossom to canning 
stage of three varieties in each of the three maturity groups is ]:)resentcd in 
juxtoposition to the aphid numbers given in B. A smooth curve has been 
drawn through the experimentally determined i)oints. The dates for these 
points are given below the figure. Days included between vertical broken 
lines show period of severe damage. 

RELATIVE RECOVERY IN EARLY, MIDSEASON, AND LATE 

VARIETIES 

After the decline of the aphid numbers it was noted that recovery 
occurred in varying degrees on varieties which could be grouped 
according to their stage of development at the time of highest aphid 
population. Since nonrecoveries were predominant among the early 
varieties while recoveries predominated among the late varieties, it 
was concluded that resistance was not the principal cause of recovery. 
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A study was made to determine the incidence of recoveries and non- 
recoveries amonp; varieties of different maturity ranges. The varieties 
were grouped into four classes according to the number of days re- 
quired to reach the canning stage from date of planting. Varieties 
requiring 55 to 05 days were grouped as early, those requiring 05 to 75 
days as midseason, both early and late, and those requiring 75 to 85 
days as late. A summation of the varieties into these maturity 
groups and their reaction after injury is presented in table 1. 

Table 1. — Nonrecover ieSy partial recover and recoveries from, aphid infestation 
among ^35 lots of peas comprising 275 varieties maturing at different times 


Lots showing— 


Blossom dato 

Maturity range 

Nonrecov- 

cry 

T*artial 

recovery 

Recovery 

Befons June ITv 

Early . 

82 

12 

8 


(Midscason: 




Juno . 15-2/5 . 

\ Early ... 

1 16 

1 14 

18 


1 Late 


1 6 

86 

AftorJnno25 

Late 

1 • 

! 2 

87 

'rottil --. . ..-j 


1 101 

;i5 

1 190 


DISCUSSION OF PEA PLANT BEHAVIOR 

Peas usually develop new nodes at fairly re^gular intervals, and with- 
out great variation in lime between varieties. Alaska and Perfection 
varieties, if planied together, will develop node No. 10, for example, 
at about the same date. Alaska normally produces its first blossom 
at node 10, howevei*, and bears its main crop of pods on nodes 1 0 to 1 5. 
Perfection, the later variety, yn-oduces its croj) on nodes 16 to 22, 
When the first ])ods set have matured, growth ceases and the plants 
die soon after the seed is ripe. 

The period of aphid damage lasted from about the forty-fifth to the 
fifty-fifth day after planting. In terms of vine growth, it occurred 
while the i)arts y)roduced from nodes 13, 14, and 15 were tender and 
succulent. Ay)hids were attracted in greatest numbers to these i>arts 
and the daniage was great. Early varieties, blossoming on nodes 
9 to 12, depending on the variei.y, had set from two to six fX)ds before 
damage was done (fig. 2, A), 

In the midseason varieties, normally producing their first blossoms 
on nodes 13, 14, or 15, the first blossoms were blasted. Only a few 
varieties which may have been somewhat resistant were able to set 
one or two y)ods during the infestation (fig. 2, B and C). Late varieties 
which blossom after the fifteenth node escaped both blossom and pod 
iniu^y^ The aphids disaj)y)eared before the first blossoms were 
produced (fig. 2, D). The time in days from blossoming to canning 
for representative varieties of the three general ma turity groups is thus 
correlated with the period of aphid damage in figure 1. 

CORRELATION OF PLANT GROWTH STAGE AND RECOVERY 

Before the aphid population disappeared, early varieties had pro- 
duced some well-developed seed. These plants were physiologically 
nearing maturity although no older in point of time from planting or 
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node development than other varieties. Canning peas do not 
ordinarily regenerate after they have reached maturity. After 
the aphids had been destroyed there was little or no new growth in 
this gjroup of peas. 

Midseason varieties had reached from early to full bloom during the 
period of damaging aphid numbers. For the most part, all blossoms 
and young pods present were so injured at this time that they fell 
from the vinos. The amount of growth produced after the period of 
damage was apparently limited by the age of the first surviving pods 
produced. If a variety retained one or two well-developed, even if 
malformed, pods during the infestation, there was little regeneration. 
If a variety nad sot no pods prior to the infestation, new growth con- 
tinued until the first-formed postinfestation pods became mature. 
Several varieties put out adventitious shoots from nodes immediately 
below the injured area (fig. 2, C). Those varieties that were able to 
produce and hold some pods during the infestation, actually produced 
a smaller yield than those that were unable to produce pods during the 
damage period. Tliose midseason varieties that lost all of their 
reproductive parts as a result of the aphid attack regenerated when 
the aphids were destroyed. Blossoms were produced at later nodes 
and an apparently normal set of pods followed. 

Late varieties, although retarded by two or three shortened and 
weakened internodes, soon outgrew the damage. Few blossoms had 
been produced by the late varieties at the period of damage, and 
those that had been produced were blasted and fell from the plant. 
After the aphids had disappeared, the relatively uninjured growing 
tips quickly resumed growth. When tlie first blossom nodes were 
reached, blossoming began and the plants ])rodiiced an apparently 
normal crop of peas. 

CONCLUSIONS 

From these studios it has been concluded that the instance described 
above is a clear case of escape and that the ability of varieties in 
certain maturity groups to produce a satisfactory crop of peas is not 
evidence of resistance Escape, such as described above, may not be 
depended upon to protect crops from insect injuiy and is therefore of 
little value to the plant breeder or entomologist who is trying to 
produce resistant varieties. The phenomena described are of signifi- 
cance in two outstanding respects: (1) They indicate that comparative 
yield alone may not be depended upon as a measure of the ability of 
the plant to resist insect attack, and (2) that the physiological age of 
the plants, not resistance, appears to determine tlie comparative 
ability of the various maturity groups to recover after an aphid attack 
has stopped short of actual destruction of some of the varieties. 
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MINIMUM LETHAL DOSE OF SELENIUM, AS SODIUM 
SELENITE, FOR HORSES, MULES, CATTLE, AND SWINE ' 

By W. T. Milleu, associate velerinariant Animal Disease Station^ Bureau of Animal 
Industry f and K. T. Williams, formerly associate chemist, Division of Soil 
Chemistry and Physics, Bureau of Plant Industry, United States Department of 
Agriculture 2 

INTRODUCTION 

Following tlic discovery of selenium in numerous plants grown in 
certain areas of the north-central Great J^ains and its identification as 
the cause of so-called alkali disease of livestock in those areas, a 
number of experiments have been undertaken to test its toxicity. 
Most of this work was designed to study the effect of continued feed- 
ing of small doses of selenium in various forms to small experimental 
animals. The disease produced in this way was of the subacute or 
chronic type. In a few studies, however, largo single doses of sele- 
nium have been administered, I’esulting in the acute type of poisoning. 
It appears that only small laboratory animals have previously been 
used for this work. F ranke and Moxon,*"^ using rats, found tliat the 
minimum fatal dose (smallest dose that killed 75 percent or more of 
the animals in 48 hours) of selenium, in the form of sodium selenite, 
injected intrajieritoneally was 1.5 mg. per pound of body weight. 
Of sodium selenate, the minimum fatal dose was found to bo 2.5 mg. 
I)er pound of body weight. Smith, Stohlman, and Lillie,^ using 
rabbits, found that the fatal dose of selenium, in the form of sodium 
selenite or selenate, when administered orally was 1.5 to 2.0 mg. per 
pound of body weight. No reference has heen found of any such 
experimentation witb the larger domestic animals. 

In order to obtain information on this point, experiments were 
carried on in 1934 and 1938 at the Animal Disease Station, Beltsville, 
Md., to determine the minimum lethal dose of selenium for horses, 
mules, cattle, and swine. This work also afforded an opportunity to 
observe any symptoms and gross pathological changes which might 
result from acute selenium j)oisoning and how the clement was dis- 
tributed in the body tissues. The results of the experiments are 
reported in this ])aper. 

EXPERIMENTAL PROCEDURE 

The number and weights of the different species of animals used in 
the experiments, the dosages given, and the methods of administration 
appear in table 1. The animals were nonnal as far as could be ascer- 
tained by clinical examination. Some of the' horses and mules, 
however, had been included in infectious-disease experiments before 
being used in this work. Horse 775 had been given 5 cc. of a 24-hour 
culture of Pasteurella bubaliseptica a few weeks before it received sele- 

1 Rewived for publication October 30, 1939. 

* The writers are Indebted to 11. C. Dudley, formerly of the Bureau of Chemistry and Soils, for chemical 
analyses, for selenium, of the tissues, milk, and urine of several experimental animals. Acknowledgment is 
also made to O. T. Creech of the Bureau of Animal Industry for histopathological examinations. 

3 Frankk, K. W., and Moxon, A. L. a comparison of the minimum fatal pose of selenium, tellu- 
rium, ARSENIC, AND VANADIUM. Jour. Pharmacol. and Expt. Ther. f)8: 4.54-459. 1936. 

* Smith, M. I., Stohlman, E. F., and Lillie, R. D. the toxicity and patholooy of selenium. 
Jour, Pharmacol, and Expt. Ther. 60: 449-470. 1937. 
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nium. Horses 875 and 1003 and mules 991 and 1033 had been exposed 
to infectious anemia virus. Horse 1009 had been used in several 
infectious-disease experiments, whereas no previous experimentation 
had been done on horse 764 or on mule 1035. Although no records 
were available concerning the ages of the horses and mules, it was evi- 
dent that they were 8 years of ago or more. 

Table 1 . — Nummary of experiments to determine the toxicity of single doses of 
selenium in the form of sodium selenite administered orally to horses^ mulesy cattle^ 
and swine 


Species 
and No. 

Live 

weiKl't, 

Dosafre of 

Method of 
administration 

Selenium 
,as .sodium 
seleuite 
por pound 
of body 
weisht 

Result 

Sodium 

selenite 

Water 

Horse: 

775 

Pounds 
1, 185 

Orams 
14. 22 

Cubic 

centi- 

meters 

1(K) 

Drench .. . 

Milligrams 
5. .50 

Death in 21 hours. 

764 .. 

970 

9.70 

5(K) 

Stomach tube. 

4. 60 

Deatii in less than 24 hours. 

875.... 

1.435 

11. 48 

.5(XI 

--do 

3. 6.5 

Do. 

1009 

1,450 

6. 34 

.5(K) 

--do 

2. Ot) 

Death in 26 hours. 

Mule: 






1033 

1,227 

4. 02 

500 


1 .50 

IDeath in 36 hours. 

Ihiath in .about .36 hours. 

Very sick. 

1035... 

925 

3. 03 

500 

_ _ do 

1.46 

09L-.. .. 1 

850 

2. 79 

,500 

do . 

1..5() 

Horse 1003 ... 

1,110 

2. 98 

.500 

do- 

1.23 

Pick. 

ralfl... ... 

66 

1. 32 

50 

1 Drench 

9. 15 

Death in 0 hours. 

Cow: 







1720 

1,050 

14.71 

85 

do 

6. 40 

Death in about 48 hours. 

1012 

1. 360 

16. 32 

05 

.... do 

.5. 10 

Death in about 30 hours. 

1914... . 

705 

7. 05 

75 

i do 

4. .57 

Very sick. 

1839...- 

710 

5. (K) 

,50 

i - do 

3.20 

No efl'ect. 

rip: 







4282 

53 

1.20 


reed 

10. .30 

Death in 72 hours. 

4754. 

130 

2.28 

' 35 

Drench.. . 

7. 90 

Paralyzed; killed after 18 days. 

4737 

100 

1.31 

35 

. . do . - 

6.00 

Sick. 

4730 

120 

1.57 

20 

- do. 

6.00 

Do. 

4083 

120 

1. 05 

20 

do. 

4. (K) 

Do. 

4703 . 

120 

.52 

15 

do 

2.00 

Sliphtiy sick. 

4746 

150 

.33 

15 

do 

1.00 

No effect. 


Two of the cows. Nos. 1914 and 1839, were in the first lactation 
period and were between 3 and 4 years old, whereas the other two 
wore several years older. The calf was 5 days old. The pigs ranged 
in age from 4 to 6 months. None of these animals had been exposed 
directly to any known sources of infectious disease. 

Selenium was given orally to each animal, in the form of sodium 
selenite, in the feed, as a drench, or by stomach tube. All the dosages 
were calculated on the basis of body weight. Since no information 
was available on what constituted a toxic or lethal dose for large 
animals, a fairly large quantity was given in the beginning and was 
reduced progressively in subsequent tests on other animals until 
symptoms of acute poisoning were obtained. The animals of each 
species (horses and mules being grouped together) are listed in table 
1 according to size of the dose, with one exception. 

EXPERIMENTAL RESULTS 

HORSE 776 

Horse 775, which was dosed in the afternoon, was depressed, weak, 
and trembling on the following morning, and its breath had a dis- 
tinct odor resembling that of garlic. Death occurred in the after- 
noon of the same day. 

On post mortem' few lesions were found. The lungs were expanded 
and marked with the outhne of the ribs, and although the interlobular 
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connective tissue was easily observed no emphysema was present. 
The heart contained black, coagulated blood. Black hemorrliages 
about 1 cm. in diameter were found along the coronary groove and 
in the ventricles. The intestinal tract was reddened and filled with 
bloody lluid. 

HOUSE 764 

Horse 764 was treated about 1:30 p. ni., at which time it appeared 
normal in all respects and its temperature was 99.2° F. About 
10 a., jn. on the following day the temperature had risen to 1 02°. At this 
time there were slight spasms of the neck and face muscles and grind- 
ing of the teeth. The eyes were dilated and staring. There was 
profuse sweating with distension of the cutaneous blood vessels, 
although the pulse was very weak. The nostrils were expanded and 
the respirations were labored, with accessory intercostal breathing. 
The animal died about 1 hour later. 

On post mort(un a few small hemorrhages were found on the 
visceral pleura and the surface of the lungs. There were a few pet('- 
chiae on the pericardium, and in the heart itself multiple hemorrhage s 
occurred iinder the endocardium, which extended slightly into the 
myocardium. The liver showed slight diffuse fatty degeneration. 
A few hemorrhages, as well as severe gastritis, were found in the 
stomach. There was marked enteritis. A few subcapsular hem- 
orrhages were noted on the spleen. No marked changes were pres- 
ent in the kidneys, but the bladder showed a diffuse cystitis. 

Chemical analysis of the tissue of this animal was made for selenium. 
The results appear in table 2. 


I'' ABLE 2. — SeleMium content of body parts and fluids of animals that received single 

doses of selenium 


[liosults given ill parts of selenium per million, bas«>d on weiglU of samples of body parts and fluids taken 

on i>ost mortem] 


S(‘leniuni content ' of indicated body part or fluid of — 


Tlody part or fluid 

Horse No. 

Mule No. 

Calf 

No. 


Pig No. 


7tH 

Parts 

per 

mil- 

tmi 

2.0 

87r> 

Parts 

per 

mil- 

lion 

2.5 

1009 

1033 

Parts 

per 

mil- 

lion 

0.8 

1035 

1 

42H2 

Parts 

per 

mil- 

lion 

2.0 

4703 

4730 

4737 

Parts 

per 

mil- 

lion 

4754 

Bile. ... .... 

Blood ... 

Blood and lymph. . . 

Parts 

per 

mil- 

lion 

Parts 

per 

mil- 

lion 

2.0 

Parts 

per 

mil- 

lion 

5.0 

27.0 

Parts 

per 

mil- 

lion 

Parts 

per 

mil- 

lion 

Parts 

per 

mil- 

lion 

' 2.5 



— 

Bone (left humerus) ... 







T. 





Bone (rib) .. . 







T. 





Bone marrow (right femur) . _ . 







5.0 





Brain ... ...... 

.2 

.4 









.3 

Colon and contents . . 







50.0 





Feces 

8.0 




10.0 







Oall bladder 











2^0 

Heart 

.4 

.4 

0.5 

.3 

J.O 

16.0 

. - . - 

.05 

0. 05 

0.1 

0.5 

. 1 

ITide and hair 


1 

1 




.0 





Hoof . . 

.2 

- 2 

1 








2.0 

Intestines (small) and contents.. 






14.0 






Inbwtines (small), tissue 







6.0 





Kidney 

io.o* 

'8. o' 

10.9 

'2.0 

'(i.'o 

is. o' 


.'2’ 

5 

'”.'2 i 

. 6 

Liver 

6.0 

8.0 

2.0 

1.5 

2.0 

25.0 

2.5 

.1 

.2 

.2 

l.O 

Lung 

1.6 

1.6 

.7 

, 6 

1.0 1 

8.0 

1.0 

.05 

. 5 

.2 

.2 

Muscle, leg 

.3 

.6 





T. 




. 2 

Muscle, rib 







T. 





Spinal cord 

. . 










.1 

Spleen 


.6 

.5 

” ! V 

1.0 


10.0 

' . 05 

.05 

"‘‘i 

.2 

Stomach tissue 

20.0 

62.0 








1 , 


Urine 




^.0 

4.0 






4. 0 
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HORSE 875 

Horse 875, which was dosed at the same time as horse 764 (about 
1:30 p. m.), was found dead at 8 o’clock the following morning. 

On post mortem, the carcass was found to be very fat and there 
were mxiltiple subcutaneous hemorrhages. In the lungs there were 
small hemorrhages of the visceral pleura. Numerous petechiae were 
found on the pericardium, and there were subendocardial hemor- 
rhages in the ventricles. In the stomach there was marked liem- 
orrhagic gastritis. The liver was marbled with fatty degeneration. 
The spleen contained a few subcapsular hemorrhages of varying size. 
The kidneys appeared more or less normal, but an ulcerative (‘ystitis 
was present in the bladder. 

Chemical analysis of the tissue of this animal also was made for 
selenium. The results are given in table 2. 

HORSE 1009 

Horse 1009 was treated at 11:30 a. m. At 4 p. m. of the same day, 
its temperature was 100.6° F., and the animal seemed normal. At 
9 a. 111 . the following day, the temperature was 101.0°. The animal 
was breathing very hard, and the pulse was rapid. An hour and a 
lialf later the horse was down, the temperature was 103.6°, and tonic 
spasms were noted. Death occurred at 1:10 p. m., or about 26 hours 
after the selenium had been given. 

On post mortem, the blood was found to be almost black in color 
and had not coagulated IK hours after death. No lesions were ob- 
served in the lungs or in the liver. There were ecchymotic hemor- 
rhages along the coronary groove of the heart and subendocardial 
hemorrhages in the ventricles. The kidneys were friable, and there 
were hemorrhages in the cortex. 

Chemical analysis of the tissue of this animal was made for selenium . 
The results are given in table 2. 

MULE 1033 

Mule 1033 was treated about 1 p. m. At 4 p. m. of the same day, 
the temperature was 102.2° F. The next morning, the temperature 
was 101.0°, at which time the mule was breathing hard, with nostrils 
distended. The pulse was very weak. Feed and water were refused. 
A blood sample collected at this time was black but was not hemolyzed. 
In the afternoon the temperature was 100.2°. The animal was found 
dead on the morning of the second day. 

On post mortem the lungs appeared more or less normal, except for 
a few small black hemorrhages under the visceral pleura. There were 
also many black ecchymotic hemorrhages in the mediastinum at the 
bifurcation of the bronchi and under the parietal pleura in the inter- 
costal spaces. The heart contained numerous small black hemor- 
rhages along all the coronary vessels as well as on the auricles. In 
the ventricles a few subendocardial hemorrhages were found. The 
blood was black and did not coagulate readily. There was some fatty 
degeneration of the liver. In the spleen, a few subcapsular hemor- 
rhages were found. Areas of acute enteritis appeared along the small 
intestines, and the blood vessels were distended with black blood. 
There was an acute nephritis as well as an acute catarrhal cystitis. 
The urine was coffee colored and contained numerous gelatinous clots. 
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Chemical anal3^sis of the tissue of this animal was made for selenium . 
The results are given in table 2. 

MULE 1035 

Mule 1035 was treated about 11:15 a. m. At 4 p. m. of the same 
djxy the animars temperature was 101.5° F., pulse 76, and the res- 
pirations were fast. It had no appetite and ajipeared sluggish. On 
the following day, the temperature was 101.6°, the pulse was weak, 
and the respirations were fast and labored. The animal had not 
eaten or drunk since the previous day. At 4 p. rn. the pulse was 90, 
temperature was 101.5°, and the respirations were fast and very la- 
bored. It was found dead on the morning of the second day. 

On post mortem there were large subcutaneous hemorrhages over 
the ribs. The lungs were congested. Numerous small hemorrhages 
were present on the fat of tlie heart, and very large hemorrhages were 
found along the coronary groove and under the endocardium of the 
left ventricle. The blood was black but had not coagulated. There 
was a fibrinous peritonitis on the lower part of the diaphragm and 
subperitoneal hemorrhages under the processes of the lumbar ver- 
tebrae. Numerous hbrinous tags were jiresent on the surface of the 
liver, which was marbled with large areas of fatty degeneration. 
Very few petechiae were observed on the spleen. There were hem- 
orrhagic enteritis and large black hemorrhages in the folds of the 
mesentery. The kidneys were serft and friable. 

Chemical analysis of the tissue of this animal was made for selenium. 
The results are given in table 2. 

MULE 991 

Mule 991 was treated at 1 p. m. The next morning the temper- 
ature was 99.4° F., and the pulse was weak. The respirations were 
labored and fast, and the nostrils were distended. It did not eat and 
drank little water. A blood sample drawn at this time was black but 
not hemolyzed. In the afternoon the temperature was 102.2°, but 
the general condition remained unchanged. The animal drank a 
considerable quantity of water on the second morning but did not eat. 
The temperature was 100°, The breathing, however, seemed normal 
although the pulse remained weak. From this time on the mule im- 
proved, and 7 days after the selenium was given it was eating and 
drinking and appeared entirely normal. 

Chemical analysis of the blood sample showed a selenium content of 
1 p. p. rn. 

HORSE 1003 

Horse 1003 was treated at 12:45 p. m. The animal was not eating 
or drinking on the following day, and there was some diarrhea. It 
was breathing hard. A blood sample collected on the morning of the 
second day was very black. At this time, the horse was eating hay 
and drinking water again and the respiration had returned to normah 
There was no change in the temperature at any time, and the horse 
remained normal for the remainder of the period of observation. 

Chemical analysis of the blood sample showed a selenium content of 
0.5 p. p. m. 
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CALF 1 

Calf 1 was treated about 9:30 a. m. and died about 3:30 p. m. the 
same day. At this time there was a discharge from the mouth and a 
profuse diarrhea. The animal was not autopsied. Chemical analysis 
of the tissue of this animal was made for selenium. The results are 
given in table 2. 

cow 1729 

Cow 1729 was lactating and not pregnant. It was treated about 
9:30 a. m., and in the aftenioon of the same day was salivating pro- 
fusely a,nd appeared very dull. It did not eat or drink. The condi- 
tion was about the same on the following morning, except that there 
was no salivation. The animal was down in the afternoon, the breath- 
ing was labored, the eyes were dull, and the extremities were cold. 
The breath had a marked garlic odor, and the feces a peculiar fetid 
odor. The animal was found dead on the second morning. 

On post mortem the lymph glands throughout the body wore hem- 
orrhagic. Extensive pleural adhesions were found in the thoracic 
cavity, but the lungs appeared relatively normal. In the heart there 
were numerous subepicardial hemorrhages which were xiarticularly 
marked on the left ventriede. Three to four liters of straw-colored 
fluid was present in the i)eritoneal cavity. There were numerous 
hemorrhages about 1 cm. in diameter throughout the liver, in one lobe 
of which was a circumscribed abscess, about the size of a baseball, con- 
taining white fluid pus. A few sub(‘apsular hemorrhages were found 
in the spleen. Both kidneys showed an acute nephritis with a few 
small hemorrhages under the capstdes, but the urine appeared normal. 

A milk sample taken on the first day after ingestion of the sodium 
selenite contained 0.02 p. p. m. of selenium. On the second day at 
the time of death the milk contained 0.04 p. p. m. and the urine 5 
p. p. 111 . of selenium. 

cow 1912 

Cow 1912 was diy and carrying an 8-month-old fetus. It was 
treated in the morning, and death occurred late in the aftenioon of 
the following day. On post mortem few lesions were found. 

cow 1914 

Cow 1914 was lactating and was rather thin at the time it was 
treated. The next day the animal took little feed or water, and milk 
production was greatly reduced. On the second day the cow was 
down practically all the time and had stopped giving milk. It did 
not eat or drink during this time. Two days later, however, it was 
eating hay and drinking again and also giving a small quantity of milk. 
From this time until the cow was autopsied 5 dajrs later it ate only hay, 
drank little water, and seemed to lose slightly in weight. Milk pro- 
duction did not return to the pretreatment level. Post-mortem find- 
ings were entirely negative. 

cow 1839 

Cow 1839 was lactating and in good condition when treated. The 
animal was observed for the next 20 days, and no clinical symptoms of 
selenium poisoning' were shown at any time. There was no evident 
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impainncnt of the appetite for either grain or hay, tlio usual quantity 
of water was takem, and milk production remained the same as before 
treatment. However, the feces had a peculiar fetid odor on the second 
day after the selenium was given, and on the following day a somewhat 
similar odor was noted in the milk at the time it was drawn. On post 
mortem, 20 days later, the animal appeared entirely normal. 

On the fifth and sixth days after ingestion of the selenium the milk 
was found to contain 2 and 3 p. j). m., respectively. The selenium 
(content of the urine on the sixth day was 3 p. p. m. 

riG 4282 

Pig 4282 was given dry sodium selenite mixed with a little moistened 
mill feed, and the mixture was eaten readily. Few clinical symptoms 
of selenium poisoning were noted during the next 2 days, but the ani- 
mal w^as foimd dead on the moniing of the third day. 

On i)ost mortem the carcass was in good condition, the hair was 
firm, but the skin was slightly reddened. The cutaneous blood 
vessels were filled with dark, coagulated blood. The pleural cavity 
contained about 150 cc. of clear reddish-yellow fluid. The trachea 
and bronclii were filled with foam, and some pneumonic changes 
were found in the lungs. The heart contained a large quantity of 
black blood, and there were a few^ hemorrhages along the coronary 
vessels. About 200 cc. of yellowish fluid was present in the stomach, 
and the mucosa of the fundic portion w^as slightly reddened. The 
intestines appeared practically normal, but the mesentery contained 
numerous large dark hemorrliagic areas and the mesenteric lymph 
glands were black. 

On histological examination there was extensive congestion in 
the capillary bloo<l vessels and thrombi in a number of the larger 
vessels of the liver. Most of the liver cells showed extreme cloudiness 
with fatty changes, together with cell vacuolation, and many of these 
cells also contained deposits of bile pigment. Few normal liver 
cells were observed, but there was no perceptible increase in the 
interstitial structure of the organ. 

In the kidney there was marked capillary engorgement with slight 
hemorrhages and also thrombi in several of the larger vessels. 
Changes in the tubular epithelium varied from cloudiness and loss 
of cell nuclei to complete destruction of the cells. Groups of tubules 
were seen in various areas which exhibited more advanced degenera- 
tive changes than in other parts of the section. Fatty changes 
with cell vacuolation and exfoliation of the epithelium in many 
tubules were particularly noticeable in these areas. Varying amounts 
of pigment were observed in this section. 

There was blood engorgement, particularly in the larger vessels 
of the spleen, and a slight edema. The interstitial tissue appeared 
to be somewhat increased. 

The changes in the lungs were typical of catarrhal pneumonia, 
such as thickening of the alveolar walls, cellular infdtration, and 
sloughing of the bronchial epithelium. 

Practically all the vessels of the heart muscle were engorged with 
blood. The muscle libers showed cloudiness with beginning Mtty 
changes. Rather heavy deposits of greenish-yellow pigment (bile) 
were observed, particularly along the course of the blood vessels. 



170 


Journal oj Agricultural Research 


Vol. 60, No. 3 


Chemical analysis of the tissue of this animal was made for se- 
lenium. The results are given in table 2. 

PIG 4754 

Pig 4754 was treated about 9:25 a. m. Within the next 5 hours, 
the pig had vomited four times. On the following day the animal 
was down, shivering, and had a profuse diarrhea. Post mortem was 
made 18 days later. During that period the pig was unable to move 
its legs, although it appeared fully conscious and was able to eat when 
grain was offered. 

On pest mortem relatively few lesions of any consequence were 
found. There was some fatty degeneration of the liver and a few 
hemorrhages in the cortex of the kidneys. Chemical analysis of 
tissue for selenium is given in table 2. 

PIG 4737 

Pig 4737 was treated at the same time as pig 4754. On the fol- 
lowing day the animal was extremely sick, although it was not ob- 
served to vomit at any time. Tliis pig lay down most of the time, 
ate little, shivered, squealed, and ground its teeth a great deal. On 
the fourth day the animal was able to move about and appeared 
somewhat better, and by the fifth day it seemed to have returned 
practically to normal and was eating again. 

On post mortem 2K months later no lesions were found. Chemi- 
cal analysis of the tissue of this animal was made for selenium. The 
results are given in table 2. 

PIG 4730 

Pig 4730 was treated in the morning. Within the next 24 hours 
it vomited greenish material several times. At the same time there 
was considerable depression, no appetite, and disinclination to move 
about. From this time on the animal recovered gradually until 1 
week later it appeared to be entirely normal. 

On post mortem, 2]i months later, the only lesions noted were 
subendocardial petecliiae in the left ventricle. Chemical analysis 
of the tissue of this animal was made for selenium. The results 
are given in table 2. 

PIG 4688 

Pig 4683 was treated in the morning. Although this animal did 
not vomit, on the following day it showed symptoms of selenium 
poisoning resembling those of the other pigs, but not so pronounced. 
Two (lays later it began to eat and within 5 days returned to normal. 

PIG 4703 

Pig 4703 was treated in the morning. The animal was slightly 
sick for the next 24 hours, as evidenced by lack of appetite and general 
sluggishness. The following day the animal appeared to have re- 
covered fully. 

On post mortem, 2% months later, a slight pericarditis constituted 
the only gross lesion found. Chemical analysis of the tissue of this 
animal was made* for selenium. The results are given in table 2. 
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PIG 4746 

Pig 4746 iK^ver showed any clinical symptoms of selenium poisoning. 

DISCUSSION 

From the results shown in table 1, it appears that the minimum 
lethal dose of selenium, when administered by mouth in the form of 
sodium selenite, has been established within reasonably close Ihnits 
for horses, mules, cattle, and swine. In addition, it has been demon- 
strated that there is a distinct difference in the ability of the several 
species of animals to tolerate various (quantities of selenium when 
given orally in single doses. Enough animals were not inchided in 
this work to dctcu'mine wliether there is any difl'erenco in suscepti- 
bility among individuals within a species. 

The minimum lethal dose of selenium for horses and mules was 
determined with somewhat more exactness than that for the other 
two species. The first three horses to be treated received 3.6 mg. or 
more of selenium per pound of body weight. The animals survived 
for 24 Ivours or less. When the dose was reduced to about 1.5 mg., 
one mule out of three survived. The two mules that died after 
receiving about 1.5 mg, per pound of body weight were very fat, 
whereas the ime that survived was thin as a result of having had 
infectious anemia- (swamp fever). However, typical symptoms of 
acute selenium poisoning were induced by this dose, and a period of 
about a week elapsed before tlie mule was eating and drinking nor- 
mally again. The minhnum lethal dose of selenium for horses and 
mules was therefore about 1.5 mg. per pound of body weight. 

It seenu'd evident from the results obtained that animals in good 
condition might be more susceptible to the action of selenium than 
comparatively thin animals. Therefore, in calculating a dose of sele- 
nium for an animal with excess weight, if a dose which merely pro- 
duces symptoms of selenium poisoning in a thin animal of the same 
weight is reduced in proportion to the excess weight of the former 
animal, the same results should be obtained in this animal as in the 
latter one. To test this assumption a fifth horse (No. 1003) was 
treated. The animal was very fat, its weight being estimated as 200 
pounds in excess of normal for a liorse of its size and confonnation. 
The quantity of selenium administered was, therefore, reduced by 
18 percent. Typical symptoms of selenium poisoning were pro- 
duced, from whi(di the animal apparently recovered in about 3 days. 

The symptoms of acute selenium poisoning in horses are not par- 
ticularly characteristic. There is first a lack of appetite and refusal 
to drink water, and the animal stands quietly in the stall. The pulse 
is slightly accelerated and the respirations are fast. The tempera- 
ture may be normal or slightly higher. A few hours before death, 
the animal stands as though fixed to the floor, eyes staring, nostrils 
dilated, and the breathing is convulsive, fast, and very labored. The 
temperature has a tendency to rise, and the pulse is fast and weak 
or imperceptible in some animals. A blood sample taken at this 
time is almost black in color, but there is no hemolysis. 

That death is due to asphyxiation has been* mentioned previously 
by Beath and coworkers.® This explanation seems entfrely probable, 

« Beath, O.A., Eppson, H. F., and Gilbert, 0. S. selenium and other toxic minerals in soils and 
VEGETATION. Wyo. Agr. Expt. Sta. Bul. 206, 66 pp., illus. 1936. 
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both from the symptoms presented in acute cases of poisoning and 
from tlie analysis of fractions of whole horse blood by Dudley.^ In 
his work it was shown that a “protein-like selenium complex^ ^ was 
present in the erythrocytes and none in the serum, plasma, and fibrin. 
As a consequence of the formation of this new compound in the red 
cells and in the presence of sufficient selenium, it is possible that the 
respiratory capacity of the blood is reduced to a point where death 
follows. A possible explanation for the difference in susceptibility 
of the three mules which received 1.5 mg. of selenium per pound of 
body weight is as follows: A fat animal that is given the same quan- 
tity of selenium per pound of body weight as a thin one receives 
a larger dose in relation to its total blood volume because of the 
avascularity of fat tissue and has a correspondingly poorer chance 
for survival. There is a possibility, then, that if the dose of selenium 
could be calculated in terms of blood volume rather than of body 
weight, the variation in susceptibility among individuals of tiie same 
species would not be so pronounced. Furthermore, oxygen-capacity 
determinations of the blood would perhaps give even more informa- 
tion on this point because of the apparent affinity of selenium for 
hemoglobin. 

The analysis of tissue from the horses and mules that died of toxic 
doses of sodium selenite brings out some noteworthy points. The 
selenium content of the stomach, kidneys, and liver of the animals 
was high as compared with that of the other tissues examined. The 
high selenium content of the urine and feces of these fatal cases and 
of chronic cases ^vshows that large quantities of selenium arc elim- 
inated through the kidneys as well as through the intestines. The 
concentration of selenium in the blood of these animals at death was 
not so great as in the chronic cases over a period of several months. 

In cattle the minimum lethal dose of selenium was found to be 
between 4.5 and 5 mg. per pound of body weight. This was about 
three times the quantity required to kill horses. The symptoms of 
acute poisoning in cattle are similar to those observed in horses, 
although not so marked. 

The analysis of tissue from the calf, wliich died 6 hours after the 
administration of 9.15 mg. per pound of body weight, showed a rel- 
atively high selenium content throughout the animal. 

, Swine proved to be even more resistant to the action of single doses 
of selenium than cattle. One animal (No. 4282), which received 
10.3 mg. per pound of body weight, died in 72 hours, and a second pig 
(No. 4754) was paralyzed, but did not die^ after receiving 7.9 mg. 
Since it had vomited at least four times within 5 hours after dosing, it 
probably did not retain all the selenium given. Had it received the 
full effect of the entire dose, it is probable that it would not have sur- 
vived. Of the two pigs given 6 mg. per pound of body weight, No. 
4730 vomited shortly after it was drenched, but there were no indi- 
cations that No. 4737 had done so. Judging from these results, the 
minimum lethal dose of selenium for vswine is between 6 and 8 mg. per 
pound of body weight. 

« Dudley, H. C. toxicology of selenium, i. a study of the distribution of selenium in acute 
and chronic cases of selenium poisoning. Amer. Jour. Hyg. 23: 169-180. 1936. 

'' Unpublished data. 
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The symptoms of acute poisoning in pigs consist largely in lack of 
appetite, sluggishness, and general depression. Diarrhea was observed 
in one pig, and grinding of the teeth in another. 

On post mortem, in erases of acute poisoning, certain common gross 
changes were found in all four species of animals. Among these were 
black-colored blood which did not coagulate readily, hemorrhages in 
the heart (along the coronary vessels and under the endocardium, par- 
ticularly in the left ventricle), and small subcapsular hemorrhages on 
the spleen. Less commonly, large heinorrhag(^s were found subcuta- 
neously, in the mediastinum and in tlie folds of the mesentery. In a 
few cases there were marked fatty degeneration of the liver and pete- 
chiae in the cortex of the kidney. 

The analysis of the tissue from pig 4282 shows that the selenium 
did not get into the muscles, hide, hair, and bones except in very 
minute quantities during the 3-day interval between ingestion and 
death. The blood and urine of pig 4754 contained 2.5 and 4 p. p. m., 
respectively, IS days after ingestion of sodium selenite e(jui valent to 
7.9 mg. of selenium per i)ound of body weight. Tlie elimination was 
well advanced as the selenium content of the body tissues was low. 
Examination of pigs 2.5 months after ingestion of relatively large doses 
of sodium selenite showed the nearly complete elimination of selenium. 

SUMMARY 

Selenium in the form of sodium selenite was given in large single 
doses to horses, mules, cattle, anil swine to determine the minimum 
lethal dose of the element for these species. It was administered orally 
in the feed, as a drench, or by stomach tube, the dose being calculated 
as milligrams of selenium per pound of body weight. I ^arge doses were 
given at the beginning of each test and the quantity was reduced for 
other animals until the minimum lethal dose was reached. The exper- 
iments were carried on in 1934 and 1938 at the Animal Disease Station, 
Boltsvillo, Md. 

Five horses and three mules were used. Although all but two had 
been used previously in infectious-disease experiments, they appeared 
healthy on clinical examination. The minimum lethal dose of selenium 
was found to be about 1.5 mg. per pound of body weight. 

In the experiments with cattle, one calf and four cows were included. 
The calf was 5 days old. Two of the cows were between 3 and 4 years 
of age and the other two were several years older. All these animals 
appeared healthy clinically and were not known to have been exposed 
to any infectious disease. The minimum lethal dose for this species 
was found to be between 4.5 and 5 mg. per poqnd of body weight. 

In the experiments with swine, seven apparently healthy pigs, vary- 
ing in age from 4 to 0 months, were used. For these animals the min- 
imum lethal dose of selenium was found to be between 6 and 8 mg. per 
pound of body weight. 




HYBRIDIZATION OP AMERICAN 26-CHROMOSOME AND 
ASIATIC 13-CHROMOSOME SPECIES OF GOSSYPIUM^ 

By J. O. Beasley 

Formerly agents Division of Colton and Other Fiber Crops and DiseaseSy Bureau 
of Plant Industry^ United States Department of Agriculture 

INTRODUCTION 

Within the last few years a number of workers have attempted to 
cross cultivated Asiatic 13-chromosomc and American 26-chromosome 
species of cotton {Gossijpiurn). Zaitzev (LV)‘ sticured the cross with 
the 13-chromosome type as female, while Nakatomi (/I) produced 
the cross by usin^ the 26-chromos6me type as female. Harland (5), 
from several thousand reciprocal crosses, secured 2 hybrids with the 
26-chromosome type as female. Feng (4) rei)orted having seen 2 
natural hybrids between American and Asiatic cottons. lie made 
1,017 crosses with the Asiatic type as female and secured 1 hybrid. 
The reciprocal cross gave 5 hybrids from 691 crossed flowers. Feng 
found that some hybrid seeds contained small embryos and others 
contained nojie. VVhen American typers were used as female, the 
capsules dropped within 2 weeks, but when Asiatic species were used 
as female the capsules reached nearly normal size. Feng determined 
that pollen tubes reached the base of the styles, and he suggested 
that the gametes were incompatible. Webber (/O) made 125 polli- 
nations between cultivated American and Asiatic cottons without 
securing any crosses. Doak (3) attempted to secure crosses between 
Asiatic and American cottons by pollinating some of the stigmas of 
American cotton with pollen from an Ameri(‘.an plant and then 
pollinating the remaining stigmas of the same flowers with pollen of 
an Asiatic type. He reported that pollen tubes of the Asiatic species 
entered the embryo sacs, but no seeds developed. 

F>om a review of work on hybridizing American 26-chromosome 
and Asiatic 13-chromosome species, it is evident that the few crosses 
secured resulted from using ordinary methods of hybridization and 
making hundreds of crosses. It was, therefore, desirable to determine 
the causes of the high degree of abortion noted in the crosses and to 
find a way of producing the hybrids at will. It seemed necessary to 
study pollen germination, pollen-tube growth, fertilization, and the 
embryology of the hybrids. 

RESULTS OF CROSS-POLLINATION 

TECHNIQUE 

A modification of the technique described by Sears (13) was used 
to study pollen germination and pollen-tube growth. Styles were 
cut from ovaries 3 to 6 hours after pollination; the epidermis of the 
fused styles was cut, and the styles were pulled apart; they were then 

’ Received for publication September 25, U):i9. Cooperative Investigations by the Division of Cotton and 
other Fiber Crops and Diseases. Bureau of Plant Industry, U, S. Department of Agriculture, and the North 
Carolina Agricultural Experiment Station, Part of a thesis problem carried out at Harvard University 
under the direction of the late Prof. E. M. East. 
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dropped in boiling 4-percent sodium sulfite solution and boiled 3 to 
4 minutes; then washed a few minutes before they were placed in a 
solution of chloral hydrate (saturated solution diluted with an equal 
volume of water), to which a few drops of basic fuchsin was added as a 
stain. After the styles had remained in the dye for several hours, 
they were placed on slides, the epidermis was removed, and the styles 
were then pressed with cover glasses. The chloral hydrate solution 
containing the stain was used as a mounting medium, and the slides 
were sealed with a mixture of paraffin and gum mastic. 

ABNORMAL DEVELOPMENT OF EMBRYO AND ENDOSPERM 

It was found that pollen germinated and grew down the styles in 
reciprocal crosses oi American 26-chromosome X Asiatic 13-c.hromo- 
some species. In both crosses pollen tubes entered more than half 
the embryo sacs. 

Embryos initiated development and seemed for a time to develop 
as fast as or faster than normal embryos. The development of the 
endosperm started about the usual time; within 4 to 6 days, however, 
it usually showed evidence of being abnormal. 

Material collected 5 days after pollination of a cross with an Ameri- 
can 26-chromosome species as female showed that the ovules were 
smaller and that the endosperm was usually below normal in develop- 
ment and vigor. The ovules were much undersized 7 days after 
pollination ; the endosperm appeared poorly developed and was 
clumped toward the center of the embyro sac; but the embyros 
appeared to be about normal in size. Ordinarily, the capsules aborted 
8 to 10 days after pollination, but, as will be explained later, 
it was possible to make a few capsules continue development. At 19 
days after pollination some of the embryos were still growing, although 
they were much below normal in size. Some ovules of this age had 
a trace of endosperm. 

In the reciprocal cross, with Asiatic 13-chromosome species as female, 
the story diflFered in that ovules enlarged at a normal rate. The 
endosperm started vigorous development, but it soon appeared 
aberrant and ceased to develop after 7 to 9 days. By 15 days after 
pollination the endosperm had disappeared. The hybrid embryos 
grew as fast as or faster than normal ones until the endosperm began 
to disintegrate, at which time their growth rate was greatly reduced. 
4n examination of ovules 30 days after pollination, the age hybrid 
capsules usually abort, showed that they contained embryos one-half 
to 2 mm. in length, whereas normal embryos of the same age are about 
8 mm. in length. Division figures with 39 chromosomes were found 
in acetocarmine smears of 30-aay-old hybrid embryos. These hybrid 
embryos ordinarily are poorly ^lifferentiated ; they usually have two 
or more thick lobes in place of cotyledons or consist of undifferentiated 
tissue. 

It became evident that, if a method could be found of developing 
plants from such minute embryos, hybrids could be secured. As the 
embryos were hardly more than masses of meristematic tissue, a 
method was tried that was used by White (17) to secure continuous 
growth of excised tomato roots in culture media made of pure chenucal 
compounds, sucrose, yeast extract, and agar, LaRue (P), with White's 
methods, was able to produce plants by culturing essentially mature 
embryos and, with some plants, parts of embryos. By germinating 
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and culturing undersized hybrid seed on nutrient media, Laibach (6?), 
J0rgensen (7), Skoysted ilS), and Tukey {15) were able to produce 
hybrids tliat were difficult or impossible to get by tlie usual methods. 

Hybrid embryos, from crosses of female Asiatic Kbcliromosome X 
male American 26-cbromosome species, were dissected from ovules 
and put on White’s culture media after the capsules containing them 
began to abort. Some of them germinated and formed roots, and the 
hypocotyls reached a length of about 25 mm., but they had minute 
deformed structures for cotyledons and never developed further. 

RESULTS OF MIXED POLLINATION 

METHOD OF POLLINATING 

Before the embryology of hybrids between Ameri(‘an 26-chromosome 
and Asiatic 13-chromosome types was studied, it seemed possible 
that the difficulty in producing the hybrids might result from the 
fertilization of only a few ovules, which caused the capsules to abort. 
If this were the trouble, it could be avoided by applying a small 
amount of pollen from the female plant and then applying an excess 
of the other type of pollen. Reciprocar mixed pollinations of this 
type were madc.^ 

The metliod employed to the greatest extent consisted of using a 
green-leaf 26)-chromosome cotton as female, applying 6 to 12 grains of 
pollen from another plant of the same species that was homozygous 
for a dominant antliocyanin factor* (red leaf), and then covering the 
stigmas with an excess of Asiatic 13-chromosome pollen. This method 
was followed in order that hybrids between the species could be easily 
detected, for interspecies hybrid seedlings would be green and intra- 
species hybrids red (5). 

PKODUC^.TlON OF HYBIUD SKEDLINCJS 

All the first few seeds germinated gave red seedlings. It was noticed, 
however, that some seeds failed to germinate, so other seeds were 
examined for embryos before they were planted. Three seeds of about 
half-normal size were found in one capsule, and the embryos from 
those seeds were germinated on Wliite’s culture media.'^ Acetocarmine 

(rrnms per 

Inorffftnic compound: 10, (MM) cc. 

ChNOs 0.9S 

MgS 04 3K 

KNO 3 - . ...... .80 

KCI.. ... .... . .0.*) 

Kn2p04 .. . 125 

Fe(S04)3 .... . . .... ... .025 

Those compounds are dissolved .separately, each in one-thirtieth of the total" volume of water (333 cc.) and 
kept in separate bottles. To make a given amount of media, take four-fifths (of the volume of media) of 
water, and add one-thirtieth (of the volume of media) of each of the six mineral solutions. To the mixture of 
the six mineral solutions add O.f) percent of agar and 2.0 percent of sutTose. 

root-tip smears proved them to be hybrids. Further examination of 
the material produced by mixed pollination showed several minute 
seeds (fig. 1, C and D), These seeds were placed bn culture media, 
where several of them germinated (fig. 1, F and G), They were al- 
lowed to grow on the media until they formed roots, and then they 

* Dr. M. M. Rhoades and Dr. J. M. Webber have informed the writer that the method of mixed p')llina 
tion was previously known to them, and J0rgensen (D suggested that the application of pollen of a distantly 
related species to stigmas partly pollinated with pollen of the female parent might be a method of producing 
haploids. 

4 An adaptation of White’s formula is given here for convenienct*: 

219207—40 H 
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were transferred to pots of sterilized soil. It was necessary to invert 
beakers over these hybrids until they formed new root hairs. They 
were watered with distilled water and Whitens solution until they 



Figure 1 . — A and B, Normal seeds of Gossypium hirsuium; C and i), Fi seeds of G. 
hirsutum X G. arboreum var. neglectum, obtained by the method of mixed 
pollination; E, normal seed, and F and G, hybrid seeds, germinating on culture 
media; //, normal seedling; 7, comparable hybrid seedling. 

showed normal growth. The small size of these hybrids at the time 
they were transferred to soil is shown by comparing figure 1, H and I. 
Skovsted (18} secured hybrids of 6, davidsonii Kellogg X G. sturtii 
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F. Muell. removing the seed coats, washing in sterile water, and 
then sowing in sterile cultures of 5 percent dextrose-agar.^^ 

By using the method of mixed pollination and germinating the 
minute embryos on nutrient media, the following Gossypium hybrids 
were produced: 

G. hirsutum L. X G. herbaceum L. yar. typicum. Hutcliiiison and (Pioso (6*). 

G. himutum L. X G. herbaceum L. var. nfricanum HiitcliinHon and (Uiose. 

G, himutum L. X G. arboreum L. var. neglectum Watt forma burmanica Hutch- 
inson and Ghose. 

G. hirHutum X G. arboreum h. var. cernuum Hutchinson and Ghose. 

G. hirsutum L. X G. arboreum L. var. typicum forma bengalensis Hutchinson and 
(Ihose. 

G. barbadense L. X (5. herbaceum var. typicum. 

The apparently normal seeds from about 70 (uipsules, obtained by 
the method of mixed pollination, were planted in soil. Two of the 
seeds produced green plants, while other seeds from the same capsules 
gave red plants. One of the green plants was a hybrid, the other was 
a normal American 2()-chromosome plant. The natural hybrids re- 
[)orted by Feng (4) and Longley (10) doubtless resulted from mixed 
pollinations. 

One other cross, G. relUjlosum L. X G, arhoreum var. neyleciwm,, of 
an American 26-chromosome X an Asiatic 13-chromosome species 
was secured from a seed of normal size. In this case. G. reliyiosum 
was used as female atid only pollen of G. arhoreum vai*. neglectum 
was used. 

If the mixed pollinations are made under optimum conditions more 
than 75 percent of the capsules reach maturity. Some of them fail 
to have seeds with hybrid embryos, while others have from one to 
four minute seeds with hybrid embryos. In the present work hybrids 
were produced at the rate of one from about each five capsules in 
which seeds had been produced by the method of mixed pollination. 

In relation to the above results of hybridizing American 26-chromo- 
some and Asiatic 13-chroinosome cottons, it is of interest to note that 
an autotetraploid Asiatic cotton with the same number of chromo- 
somes as American cultivated cottons hybridizes easily with American 
26-chroniosome pollen. 

DISCUSSION 

Hybrids between cultivated American 26-chromosome and Asiatic 
13-cbroinosome cottons are useful in studying the relationships 
between the two types and to secure evidence on the origin of the 
tetraploid American type. Of course only a few hybrids are neces- 
sarv for such purposes. Recently, however, by'the use of (‘olchicine, 
it has been possible to produce fertile polyploids from the sterile 
hybrids (1). Since there are numerous varieties of American 26- 
chromosome and Asiatic 13-chromosome cottons, and since slightly 
different combinations give polyploids with different characteristics, 
the reason is obvious for the production of numerous hybrids between 
the types that involve different combinations of varieties. 

It is comparatively easy to produce hybrids of American 26- 
chromosome X Asiatic 13-chromosome species by germinating the 
minute hybrid seeds on sterile culture media. This technique can 
also be used to secure plants from nonhybrid seeds that ordinarily 
fail to survive. For example, two normal plants were grown from 
tiny seed, motes, from crosses 'that ordinarily give normal seeds. 
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Doubtless genetic types could be grown, by using the described method, 
from abortive seeds that would fail to survive under the usual cultural 
conditions. 

Workers have tried various methods in attempts to produce hybrids 
between American 26-chromosome and Asiatic 13-chromosome cottonSi 
Desai (2) applied substances to the stigma to stimulate pollen germi- 
nation. The fact that polleix germinates and tubes enter ovules shows 
that nothing is gained by applying substances to the stigmas. Tanaka 
(14) tried to make capsules with hybrid embryos remain on plants by 
ringing and wiring the fruiting branches. The study of the embry- 
ology of the hybrids shows that such practices can be of little value. 

SUMMARY 

In reciprocal crosses of American 26-chromosome X Asiatic 13- 
chromosome cottons, the pollen germinates and pollen tubes enter 
more than half tlie embryo sacs. Embryo and endosperm develop- 
ment is initiated, but soon becomes aberrant. 

By using the American 26-chromosome type as female and a few 
gi’ains of pollen from a 26-chromosome type along with an excess of 
Asiatic IS-chromosome pollen, it is possible to produce minute liybrid 
seeds. Plants can be produced from the seeds by germinating them 
on sterile culture media. Hybrids involving six combinations of 
American 26-chromosomo X Asiatic 13-chromosome cottons were pro- 
duoed. * 

This dependable method of producing hybrids between American 
and Asiatic cottons will be usefid in producing numerous hybrids from 
which polyploids can be pi oduced. 
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A PHYSIOLOGICAL STUDY OP SOFT SCALD IN JONATHAN 

APPLES ‘ 


By Erston V. Miller, phyaiologistt and Harold A. Schomer, assistant physioU 
agist ^ Division of Fruit and Vegetable Crops and Diseases y Bureau of Plant 
Industrify United States Department of Agriculture ^ 

INTRODUCTION 

Although soft scald of apples (Mains sylvestris Mill.) has been 
attributed to a deficiency of oxygen in the surrounding air, the various 
control measures reported in the literature have not been limited to 
aeration of the stored fruit. Among the means of control may be 
mentioned placing the fruit in cold storage without delay (^, 8)y^ 
maintaining a storage temperature of 3()° F. (fi), coating the fruit 
with paraffin (6) or with a mixture of oil and paraffin (J), and short 
prestorage exposures to partial vacuum, a high temperature, or carbon 
dioxide (i^). 

Brooks and Harley (S) suggested that althougli the beneficial effects 
of certain treatments may be due to the elimination of accumulated 
respiratory products, the effects of ^^changed metaibolism’^ should not 
be overlooked. Plagge and Gerhardt (/O), writing on soggy break- 
down of Grimes Golden apples, had already shown that delayed 
storage [iroduced changes in metabolism by de(‘roasing the acidity 
a-nd increasing the sjiccilic gravity of the juice. The rate of acet- 
aldehyde and alcohol production has been considered an index of the 
physiology of stored fruits, and recently these substariccs have been 
shown to ac(‘umulate in apples affected by soft scald (»9, 12), 

The present investigation was undertaken for the purpose of 
obtaining a better understanding of the physiological changes pro- 
duced in apples by treatments known to influence the incidence of 
soft scald, 

MATERIALS AND METHODS 

In 1933 and 1934 tlonathan apples were obtained from near Han- 
cock, Md., and in 1935 from near Frederick, Md. The fruit was 
transported by motortruck from the orchard to the cold-storage 
rooms at the Arlington Experiment Farm, Arlington, Va., and placed 
under the following storage conditions employed for the purpose of 
studying the development of soft scald: Immediate storage at 32*^ 
and 36° F.; holding at 65° to 75° for from 3 to 11 days before storing 
at 32° and 36°; and subjecting the fruit to heating or to carbon 
dioxide treatment, following the delay and prjor to storage at 32°. 
A bushel of fruit was reserved in each lot for chemical analyses, and a 
sample consisting of 25 to 30 fruits was removed at regular intervals. 

Sugar determinations were made on duplicate 50-gni. samples of 
pulp or 25 ml. of juice. Analytical metiiods were identical with those 
recommended for plants by the Association of Official Agricultural 

* Recu?ved for publication October 9, 1939. 

* The writers are indobtfid to Charles Brooks and Lacy McCoiJoch, of this Division, for helpful suggestions 
and assistance in this work. 
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Chemists {1), Sugar was determined either gravimetrically or by 
the volumetric permanganate method. 

Acetaldehyde content of the fruit pulp was determined by a method 
previously cles(*ribe(l (7). Hydrogen-ion values of the juice were 
obtained by means of a calomel half coll, a quinliydrone electrode, 
and a Jjeeds and Northrup potentiometer. Total acidity was deter- 
mined by titrating the juice with N/10 sodium hydroxide to pH 7 by 
means of the above-mentioned hydrogen-ion apparatus. 

The “acid index’’ was computed according to the method of Du 
Toit and Keyneke C^). Actually it represents the ratio of the active 


acidity to total ac 



Inasmuch as the 3 years’ experiments were replications, only data 
for 1 year are presented when they are considered tyincal of all 3 
years. 

RESULTS 


ACETALDEHYDK 

In iiglire 1 are curves showing the acetaldehyde content of flonathan 
apples stored in 1934. These curves are ty])ical of the effect of de- 
layed storage, and delayed storage followed by carbon dioxide treat- 
ment, on the acetaldehyde content. First it will be noted that the 
fruit placed immediately in 32® F. storage showed a. gradual but 
slight increase in aceta.ldehyde content during the storage period. 
A delay of 6 days at 65® prior to storage at 32® increased the ac^etal- 
dehyde content from 0.1 mg. per 100 gm. of fresh tissue to 0.4 mg. at 
once, and at about the middle of the storage period the amount was 
1.2 mg. A 2-day treatment with 35 percent carbon dioxide in a 
closed container increased the acetaldehyde content to 1.4 rng., the 
highest found in tliis whole lot, but the midstorage value in this 
particular lot was lower than the others at that time. By January 
1935, the end of the storage period, the acetaldehyde content was 
not high in any lot, but lowest of all in the lot treated with carbon 
dioxide. There is no apparent relationship between the acetaldehyde 
content and the development of soft scald. The results for the fruit 
stored at 36® are similar to those for fruit stored at 32®. 

In table 1 the results for the 1935 crop are reported. This table 
is included not because the results are in disagreement with the 
others but because the fruit as a whole produced much smaller quan- 
tities of acetaldehyde. In lots 1 and 2 stored immediately at 32® and 
36° F. the amounts were 0 for all samples. Nevertheless the effects 
of delayed storage and carbon dioxide treatment are consistent with 
those obtained previously. Increase in acetaldehyde content as a 
result of the 3-day delay is not evident until the October sampling, 
but the effect of the 6-day delay on acetaldehyde content is immediate. 
The carbon dioxide treatment produced the liighest acetaldehyde 
content of all the lots. An analysis of the data shows that 32® 
storage is more conducive to incidence of soft scald than 36® and 
that a delay of more than 3 days increases the amount of soft scald 
unless the delay is followed by a carbon dioxide treatment. This is 
in agreement with earlier reports. 
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Fkuiue 1.* Efft^ct of different storage conditions on the acetaldehyde content of 
Jonathan apples: «, Inmiediate storage at 32° F.; h, immediate storage at 
30°; c, delayed 6 days at 05°, then stored at 32°; d, delayed 0 days at 05°, then 
stored at 30°; c, delayed 0 days at 05°, treated 2 days with 35 percent carl)on 
dioxide, then stored at 32°. Chemical analyses were made in September 1934, 
at the beginning of the storage period; on November 5; and on January 14, 
1935. Numbers on the curves represent percentages of soft scald appearing 
at the end of the storage period. 
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Table 1.- - Acetaldehyde content of pulp of Jonathan apples at various periods of 

storage in 1935-36 



Acetaldehyde per 100 pm. of frtjsh pulp 


Treatment 

Septe 

Original 

sample 

inbcr 

Aftc^r pre- 
storaRe 
treatment 

Octo- 

ber 

No- 

vember 

De- 

cember 

Janu- 

ary 

Soft 
scald at 
end of 
storage 


. 

Milli- 

Milli- 

Milli- 

Milli- 

Milli- 

Milli- 


Immediate storaRt; at 32° F. . . 

gram 

grams 

gram 

gram 

gram 

gram 

Percent 

0 


0. 0 

0. 0 

0. 0 

0. 0 

0. 5 

1 mmetiiale storage at 36° 

I) 



.0 

.0 

.0 

.0 

Uclayed 3 days at 70°; stored at 32” 

0 

0.0 


.0 1 

.0 

.0 

3. 6 

J)elayed 3 days at 70°; stored at 36°. , ^ . 

0 

.0 


. 1 

.0 

1 .1 

.0 

Delayed 6 days at 70°; stored at 32° 

0 

.1 


.2 

.0 

.0 

32. 0 

Dtdayed 6 days at 70°; stored at 36° . . - 

0 

.1 


. 1 

. 1 

.0 

. 6 

3 days at 70°; 2 days in 42-50 |)ercent C O 2 ; 
stored at 32° . 

0 

.8 

.0 


.0 

.0 

.6 

6 days at 70°; 2 days In 42-50 pt^reent CO 2 : 
stored at 32°. . _ 

0 

1 

1.0 

.0 

. J 

.1 

.0 

1.0 


SUGAR 

The results of the sugar analyses of juice for tlic 1933-34 and 
1934-35 experiments are presented in table 2. In 1935-36 the apple 
pulp was analyzed. These results appear in table 3. 

The prestorage treatment of the 1933 fruit produced no significant 
changes in the sugar constituents of the juice. By following the sugar 
content throughout the storage period, it will be seen that the trend of 
sucrose and total sugar is downward whereas that of reducing sugar is 
upward. The only lot that stands out from the others is the one that 
was delayed 11 days at 70° F. and then treated witli carbon dioxide 
before final storage at 32°. This lot had the highest total sugar con- 
tent throughout the storage period and developed no soft scald. 

In the 1934 fruit (table 2) the reducing sugar fluctuated slightly 
during the storage period, but the trend appeared to be generally 
upward as in the experiment of the previous year. Total sugar values 
were somewhat higher at the end than at the beginning of the storage 
period. Sucrose values showed no consistent trend. Delayed storage 
appeared to increase the sucrose content of the juice. In these ex- 
periments the carbon dioxide treatment had no effect on the sugar 
content of the juice and there was iio apparent relation between sugar 
changes and development of soft scald. 

In the 1935 experiments (table 3) the prestorage treatment pro- 
duced an immediate increase in sucrose and total sugar with no sig- 
nificant effect on reducing sugar except in lot 7. During the storage 
life of the fruit the reducing sugar, total sugar, and sucrose fluctuated 
irregularly. The drop in total sugar that occurred at the October 
sampling* except in lot 8, is dfficult to explain. There was no 
significant fluctuation in moisture in any of the samples during the 
whole period. Only lots 1, 3, and 5 showed very liigh percentages 
of soft scald, and there was no apparent relation between changes in 
sugar content and the development of this disorder. 



Table 2.-Sugar content of juice of Jonathan apples at various periods of storage in 1933-Sd 

DATA FOR 1933-34 
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Table 3. — Reducing sugar, sucrose, and total sugar content of pulp of Jonathan apples after various periods of storage in 1935—36 
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ACIDITY 

In table 4 are shown the changes in total acid, pH value, and acid 
index during the storage period, as well as the total amount of soft 
scald and internal break-down occurring at the end of the storage 
period, in the 1933-34 experiments. As was to be expected, the total 
acid and hydrogen-ion concentration decreased as the period of storage 
progressed. The treatments involving delated storage lowered the 
total acidity at once. Jn the November sampling the lots treated 
with carbon dioxide showed a lower acidity than the corresponding 
untreated lots, but in January this was true only of the lots that hacl 
been delayed 1 1 days prior to carbon dioxide treatment. 


Table 4. — Total acidj pJl value, and acid index of juice of Jonathan apples stored 
under various conditions in 1933-34 
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November 

January 

Physio- 


— 
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disorders 
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found at 


Original samplej 

After prestorage 
treatment 
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1 
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ft 
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m 
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am. 

1 3.34 


Gm. 



Om. 



am. 



Pet. 

Pd. 

Stored ini mediately at32'’F.. 

0. 750 
.759 


40.3 




0 . (120 

3.39 

43. 9 

0. 555 

3. 48 

:j9.9 

31.8 

0.0 

4 days at 70°, t lien 32° 

4 days at 70°; 2 days in 25 62 

3. 34 

40.3 

0.,598 

;t. 42 

42. 6 

.WX) 

3.41 

43.1 

.470 

3.51 

43.4 

47.3 

.0 


percent ('(> 2 ; then 32° 

, 759 

3. 34 

40. 3 

.(K)9 

3.42 

41.7 

. 550 

3. 40 

41.9 

.490 

;i.oi 

33. 0 

15. 0 

1.9 

11 days at 70°; then 32° 

11 days at 70°; 1 day at 

. 759 

3. 34 

40. 3 

. 57fi 

3. 44 

42.2 

. 520 

3.49 

41.2 

.474 

:i63 

33. 1 

18.3 

.0 

08.«°-I04°; then 32° .. 

11 days at 70°; 3 days in 

.759 

3.34 

40.3 

.489 

;L57 

3(>.8 

.5(X) 

3.5(1 

3().8 

. 352 

3. 72 

30.2 

2.8 

38. 9 

20-40 percent CO 2 ; then 















32° 

.759 

1 3.34 

40.3 

; .575 

3.4(1 

1 40.3 

.470 

;i.6l 

43.8 

.437 

3. 89 

19.7 

.0 

11.7 


The immediate effect of the heat trcatnient following the delay was 
to lower the total acidity and hydrogen-ion concentration. In 
September the heated lot showed less acidity than any other lot. This 
particular lot was next lowest in acidity at the November sampling 
and the lowest again in January. The heat treatment seemed to re- 
duce the amount of soft scald but increased the percentage of internal 
break-down. 

No relation between acidity of the apple juice and development of 
soft scald in the fruit was evident. This is true whether the amount of 
disease is compared with total acidity at any stage in sampling or with 
the rate of loss in acidity. The same is true of the hydrogen-ion 
values. The acid index was determined for each lot at the different 
sampling periods, but this figure offers no criterion for predicting the 
incidence of soft scald. 
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DISCUSSION 

In the present investigation soft scald occurred under conditions 
usually considered conducive to the onset of this disorder; that is, 
a higher percentage of soft scald was found in the fruit stored immedi- 
ately at 32® F. than in that stored at 30®, and holding at 05® to 70® 
j)rior to storage at both 32® and 30® greatly increased the percentage 
of soft scald unless the delay was followed by treatment witli carbon 
dioxide. It would seem, then, that chemical analyses of the apples 
should indicate the manner in which these treatments have affected 
the physiology of the fruit. First it appears that, in general, delay 
disrupted the normal evolution of acetahlehyde. The carbon dioxide 
treatment following the delay always changed the rate of acetaldehyde 
evolution. The carbon dioxide treatments increased the acetaldehyde 
at the time of the first sampling following the treatment. 

The relation between acetaldehyde content of apples and the inci- 
dence of physiological disorders is still not well understood. Although 
volatile substances such as acetaldehyde and alcohol have been shown 
to accumulate in small quantities during the normal storage life of 
apples, they may be increased tremendously by anaerobic conditions 
to the point where they become toxic to the apples; furthermore, 
fruits suffering from soft scald, soggy break-down, ajid internal break- 
down have yielded, upon analysis, large (juantities of acetaldehyde 
and alcohol. On the other hand, Thomas {12) states that ethyl 
alcohol and acetaldehyde accumulate in the unhealthy tissues of 
apples after the incidence of “low-temperature breakdown/^ and “soft 
or deep scaUr’ but that these substances do not accumulate in apples 
or pears stored in air so long as the fruit remains physiologically 
healthy. In the present investigation no direct correlation was 
shown to exist between acetaldehyde content at any sampling and the 
ultimate development of soft scald. 

No immediate effect of carbon dioxide on the acids in the juice wuis 
noted. Delay at high temperatures naturally reduced the acidity, 
but this result was not affected by the carhon dioxide treatment 
immediately following it. In the second sampling, however, the lots 
treated with carbon (lioxide were lower in acid than those that had 
been delayed without subsequent carbon dioxide treatment. Flagge 
and Gerhardt {10) liave reported that a small amount of soggy 
break-down is associated with a higher acid loss. It has been shown 
by several investigators that continued exposure of certain fruits to 
carbon dioxide lowers the acidity. The data presented here indicate 
that this effect upon acidity might be carried oyer for 2 months, yet 
they are rather meager to justify such a conclusion. 

The sugar content of the juice or of the pulp of the apples at any of 
the sampling times showed no relation to the rate of soft-scald devel- 
opment. Plagge reported that one of the effects of delayed storage 
was to increase the sugar content of the juice. Hockey and Boyle (7) 
stated that the amount of sucrose and total sugars present in Graven- 
steins at the time of picking had little or no effect on the prevalence 
of “spot scald. In the present work the total sugar values at the 
time of the last sampling indicate a similarity between the delayed 
lots treated with carbon dioxide and those stored immediately at 
32® F. It might be inferred that the changes in metabolism produced 
by t\ig delayed storage were counteracted by the subsequent carbon 
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dioxide treatment. The results ou soft scald suggest this also. A 
larger perceuitage of soft scald occurred in the delayed lots unless the 
delay was followed by treatment with carbon dioxide. 

That the sugar, acid, acetaldehyde, and alcohol content of apples 
constitutes an index of the metabolic activity is suggested by the 
changes brought about by the various storage treatments, but no 
evidence has been found that these substances are determining factors 
in the development of soft scald. 

SUMMARY 

A physiological study was made of Jonathan ap])les stored under 
(‘onditions known to influence the incidence of soft scald. Tliese 
conditions consisted of immediate storage at 32° and 36° F., delays 
of 3 to 1 1 days at 65° to 75° prior to storage at the above-mentioned 
temperatures, and a carbon dioxide or a heat treatment following the 
delay but ])rior to storage at 32° and 36°. 

Fruit stored iimnediately generally evolved a(‘etaldehyde in small 
(juantities but in slowly increasing amounts, whereas a delay at 65° 
to 75° F. greatly increased the amount of acetaldehyde during th(‘ 
early part of the storage life of the fruit. Treatment with carbon 
dioxide following the delay increased the acetaldehyde content of the 
fruit. 

Delay at high tem])eratures (65° to 75° F.) tended to increase the 
sucrose and total sugar content of both juice and pul]) samples at 
the beginning of the storage period. Treatment with carbon dioxide 
did not greatly influence reducing sugar and sucrose. 

Delay reduced the acidity of the juice at the beginning of storage, 
and carbon dioxide treatment had no immediate additional effect. 
The lots treated with carbon dioxide sliowed a slightly lower acudity 
at the November sampling, which was a])proximately the middle of 
the storage period. 

Heating the fruit to 98.6°--104° F. for 1 day following an 11-day 
delay at 70° lowered tlu^ total acidity and hydrogen-ioji concentration. 
This lot of fruit showed less soft scald but more internal break-dowm 
than the other lots. 

Although chang(>s in sugar, acid, and acetaldehyde content of a])ples 
are doubtless an index of physiological activity, no correlation was 
found between these substances and the occurrence of soft scald. 
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A CYTOLOGICAL STUDY OF SOME SPECIES IN THE 
GENUS PASPALUM ‘ 


By CliENN W. BuilTON 

Ass(wiate geneliciaU Division of Forage Crops and Diseases ^ Bureau of Plant 
Jndustryy United States Department of Agriculture ^ 

INTRODUCTION 

Tlio p:(‘nvis Paspahirn L. bc'longs to the large tribes I^iiiiceae in tlu* 
grass family, tin* Graniineai*. With the exemption of Panpahmi bosci- 
anum riiiggo, the 42 spiK'ies occurring (piite commonly in the, south- 
ern, stern part of th(‘ United States are perennials (J, pp, 575 601)? 
Many of these species make a valuable contribution to the nativ(‘ 
grass })asture in tlu^ Southeast, and P, dilatatum Poir., P, 'notatuvi 
Fliigge, and P. umllei Ste'iid. are showing much promise in some of 
the improvcMl pastures in this region. 

A search of tin* lite'rature rc'veals that only five sp(H*i(‘S in this 
genus have been studied cytologically, and, with tlie excc'ption of 
Paspalum dilatatum^ those studicnl are of little importanc(‘ in th(‘ 
Gulf States. The results of these studies, by Avdulov (/, 2), Avdulov 
and Titova (3), Church (4), and Marchal (S), are presented in 
table 1. 

The failure' to finel resistane'e to ergot (Clavieeps paspali Ste'vens 
anel Hall) in Paspalum dilatatum and several other pi*omising s])e*cies 
suggesteel the wiselom e)f re'sorting te) species hybridization for the 
improvemient e)f these grasse's. Jt was with a eh'sire to arrive at a 
l)ette'r understaneling of the* cytology of the Pafipalvm species, and 
hence a clue as to which hybrid combinations might be expe'cteel to 
be me)st fertile, that this study wnis be'gun. 

I^ABLE 1." Somatic chromosome numhers in Paspalum species as repoiled in the 

literature 


Somatic cliro* 

SiM'cics inoso!n«‘ rmm- Reference 

h(‘r Vlv) 


dilatatum Voir .. I > | 

Mulil . . - i ' 20 1 f.{) 

J*.scrobiculatu7n h. ...... . ... \ 40 j (/i 

P. !7lolonifeTum Bose, . - . . . . I 1 20, 20 ‘22 | (s,H) 

P.viroatuviL : | KO j {#) 


' Reported as the n number; the number here jiiven hs double that reported. 


MATERIALS AND METHODS 

All plant material used in this study was grow^n either in the grass 
introduction garden or on the premises of the Georgia Coastal Plain 
Experiment Station, Tifton, Ga. Since many obstacles were encoun- 

1 Received for publication December 1. 1939. Cooperative investittatioiis of the Division of Forage Crops 
and Diseases, Bureau of Plant Indastry, U. S. J>epartment of Agriculture, the Georgia P^xperinient Station, 
and the Georgia Coastal Plain Experiment Station. 

» The writer wishes to acknowledge the assistance of E. J. O’Neal, agent. Division of Forage Crops and 
Diseases, Bureau of Plant Industry, U. S. Department of Agiiculturc, in the j rei aration of material 
for cytological study. 
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tered in the use of the acetocanmne technique, all studies reported 
here were made on root-tip material. Root tips collected between 8 
and 10 a. m. were fixed in Craf fixative for 24 hours. The embedding 
procedure consisted of a slight modification of the alcohol-chloroform 
method as revised by La Cour {6), Sections were cut lOfi thick and 



Figure 1. — Camera lucida drawings of chromosomes on equatorial plates in cells 
froin root tips of nine species of Paspalum: A, P, cilialifolium, 2w— 20; B, P, 
paniculatuvif P. E. I. 128190, 2w==20; C, P. dilatatiinif 2n=40; D, P. Jloriaamim. 
2w=160; Ef P. urvUleif 2n— 40; F, P. malacophyllumt F. C. 04240, 2n=40; G, 
P. boscianurnt 2n— 40; //, P. notatum, 2n— 40; /, P. notatum, P. E. I. 121415, 
2n«=40. 

were stained by the iodine-gentian violet teclinique described bv 
La Cour (6). With the exception of Paspalum Jloriaanum Michx., all 
chromosome numbers were determined by making camera lucida 
drawings of three to five different equatonal plates in each species. 

> Although much piaterial of P. floridanurn was examined, only in the 
equatorial plate shown in figures 1, D, and 2, A, were the chromosomes 
well enough separated to permit a count. 
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OBSERVATIONS 

A list of tlie Paspalurn species examined, together with their somatic 
chromosome numbers, is presented as table 2. The camera lucida 
drawings and photomicrographs from which chromosome numbers 
were determined are presented as figures 1 and 2. A brief description 
of each species follows. 

Table 2. — Somatic chromosome numbers in the Paspalurn species examined at 

Tifton, Ga. 


1 

1 

Text 

fiEure 

No. 

Si)ecu‘s 

Somatic 

chromo- 

some 

numiMjr 

(2n) 

'J’ext 

figure 

No. 

1 

Species 

Somatic 

chromo- 

some 

number 

(2tt) 

1, A) 2, Jf... 

P. eiUatifotiuvi . 

20 

1, F 

P. malacophyllum, F. G. 

40 

1, B 

P. paniculatum, 1\ E. I. 

20 


04240. 



12S190. 


1, a - 

P. bosciunum 

40 

1, C.... . - 

1 P. dilatatum^., . 

40 

I, 7/ . _ 

! P. notatum 

40 

1, 1); 2, A _ 

P. floridanujii- ... . .. 

100 

1. / 

P. notatum, I’. E. 1. 121415 . 

40 

hE . 

P. urvillei... ... . 

40 


[ i 

1 1 





Paspalurn ciliatifoliurn Miclix. — This species, a native of the south- 
eastern part of the United States, occnirs in cleared or semicleared 
areas and supplies some of the best 
grazing to be found in many native 
pastures in Georgia and Florida. Since 
the data presented in tables 1 and 2 in- 
dicate that 10 is the basic chromosome 
number in this genus, the plants ex- 
amined here may be considered diploid, 

2n=2{) (figs. 1, A: 2, B). 

Paspalurn paniculatum^ L., F. E. 1.^ 

128190. —Seed of this species was sent 
to the United States Department of 
Agriculture from Navua, Mji Islands, 
by Richard B. Howard in 1938. The 
grass has made a luxuriant growth in 
the greenhouse and is being tested in 'St 

the introduction garden this year. 

Tliis species proved to be diploid, J 

21^=20 (fig. 1, B). 

Paspalurn dilaiatum Foir. — Most ' 

widely used of all Paspalurn species in . 
improved pastures in the Gulf States, ’ 

this grass was introduced into the 
Southern States from Uruguay or Jjk 

Argentina about the middle of the last 
century (5), The scarcity and cost of 

high-quality Dallis grass seed, a result FiauRE2. — Photomicrograpli of 

of its susceptibility to ergot and its equatorial plate in root tip of 
dependence upon a relatively liigh soil- 
nutrient lev/ for satisfacto^ growth. 
are the principal factors limiting its use. 

The material examined was tetraploid, 2n=40 (fig. 1, f7). This agrees 


Fioure 2. — Photomicrograph of 
erjuatorial plate in root tip of 
{A) Paspalurn fJoridanum (X 
700) and (B) P. ciliaiifolium 
(X 850). 


40 (fig. 1,0). This agrees 


with the n number reported by Marchal (S). 

* Rofers to accession number of the Division of Plant Exploration and Introduction. 
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Paspalum ftoridanurn Michx. — This grass is one of the large-seeded , 
robust species of Paspalumy occuriing in low, moist, sandy soil, flat 
woods, pine woods, and low prairies throughout most of the Coastal 
Plain south of Maryland (/}), The huge ergots formed in the spike- 
lets of this species demonstrate in a striking manner that this grass is 
not a source of genes for ergot resistance. Although only one figure 
could be found which was suitable for counting, the material examined , 
together with the apparent polyploid nature of the genus, leaves little 
doubt that this species is sixteenploid, 2n=160 (figs.l, I)\ 2, A). 

Paspalum urviltei SteMd . — This erect bunch grass grows along ditches 
and roadsides and in moist and wet soils in most of the Southeastern 
States. Its heavy seed production, tolerance of poorly drained soils, 
and ability to make good growth on soils of low fertility are desirable 
features of this grass. Its failure to withstand close grazing, probably 
due to its upright growth habit, usually causes it to ^^go out” in im- 
proved pastures in this region. Cytologically it was found to be tetra- 
ploid, 2n=4i) (fig.l, E). 

Paspalum malacophyllum. Trin., F. C. 04240. — This species, intro- 
duced from Argentina a number of years ago, has been receiving consid- 
erable attention during the past few years. Although evidence is 
available that this erect bunch grass will go out when heavily grazed, 
its vigor, adaptability, and heavy seed production make it one of the 
most promising grass introductions under observation at Tifton. 
The failure of the writer to find ergot sclerotia on this grass when 
growing in association with heavily infected Dallis grass during the 
last 3 years at Tifton and the failure of Lefobvre {7) to obtain ergot 
infection upon inoculation, indicate that it is the best source of genes 
for ergot resistance now available. The material examined was found 
to be tetraploid, 27?~40 (fig. 1, F). 

Paspalum boscianum Fliigge.- — This rather succulent annual, found 
growing in moist or wet fields and along ditches and ponds in most 
of the Coastal Plain, proved to be tetraploid, 2n=40 (fig. 1, G), 

Paspalum notatum Fliigge. — This species, introduced from the West 
Indies, Mexico, and parts of South America, is showing much promise 
as a permanent pasture grass on the sandy soils of Georgia and Florida. 
Productivity, extensive root system, strong feeding power, stolonif- 
erous habit, and ability to withstand close grazing are outstanding 
features of this species. Plants which may be referred to as common 
Bahia grass were tetraploid, 2n—40 (fig. 1, //). 

Paspalum notatum Fliigge, P. E. I. 121415. — Early in 1937, W. A. 
Archer sent to Washington, D. C., a packet of seed from Santissima, 
Trinidad, Paraguay, which was identified as Paspalum notatum. Not 
onljr were the seeds smaller than common Bahia grass, but the plants 
which grew from them differed so much from common Bahia that there 
was some question as to whether this might not be a different species. 
Its greater frost resistance and its ability to grow at lower tempera- 
tures than common Bahia grass were promising features of this intro- 
duction. Cytologically this grass was found to be tetraploid, 2/1=40 
(fig. 1, /). The fertility of the hybrids with common Bahia grass pro- 
duced in 1938 and of plants grown from seed in 1939 should help to 
explain the taxonomy of this grass. 
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RELATION BETWEEN AREA OF EQUATORIAL PLATE AND 
NUMBER OF CHROMOSOMES 

The relationship between the area of the equatorial plate, calculated 
from average diameter measurements of the plates in figure 1, to /, 
and the number of chromosomes in the plate is of interest. In the 
nine Paspalum species considered, the average calculated equatorial 
plate area for the diploid species was 180 mm.^; for the tetraploid 
species, 415 mm.^; and for Paspalum floridanum, the sixteenploid 
species, 1,451 mm.^ If the area of the ecjuatorial plate were directly 
proportional to the chromosome number of the species, these areas 
would be 180, 3G0, and 1,440 inin.^, respectively. Thus it is apparent 
that a positive correlation of rather high magnitude exists between 
equatorial plate area and chromosome number in the Paspalum species 
examined in this study. 

SUMMARY AND CONCLUSIONS 

With evidence that 10 is the basic (/i) number of chromosomes the 
12 Paspalum species considered fall into a polyploid series ranging 
from 2n to 16a. In this group there are 4 diploids, 6 tetraploids, 1 
octoploid, and 1 sixteenploid. P, ciliatf^^^^ P, pariiculatum, P. 
stoloniferunif and P, jmbescens are diploid; P. dilatatum, P. notatum, 
P, malacophyllunij P. urvilleiy P. boscianum, and P. scrobiculatum are 
tetraploid ; P. virgatum is octoploid ; and P. floridanum is sixteenploid. 
The fact that all of the most promising pasture species are tetraploids 
is worthy of note. The rather close correlation that exists between the 
calculated areas of the equatorial plates in figure 1, A to /, and their 
chromosome numbers is interesting. 
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CHEMICAL EFFECT ON LEAD ARSENATE OF CERTAIN 
SALTS WHICH MAY BE PRESENT IN SOIL AND SPRAY 
WATERS ' 

By Joseph M. Ginsburo 

Asisociale eniomoloc/istf New Jersey Agricultural Experiment Station 
INTRODUCTION 

TJie ])reseiit priictico by or(*hardists of applying several lead arse- 
nate sprays during the growing season leads to a gradual deposition 
of appre(‘iable quantities of arsenic on the trees. Most of the arsenic 
thus applied linds its way sooner or later to the soil where it may 
accuinulate year after year, especially in soils where', drainage is 
poor. Moreover, the recent tendency to apply arsenicals directly 
to the soil (iry^ in comparatively largo quantities in order to kill 
the larvae of Jai)anesc beetle (Popillia japonica Newrn.) and other 
grubs still further enhances the possibility of accumulating large 
quantities of arsenic in certain soils. 

As long as the arsenic compound remains insoluble on the plant 
or in the soil, there is no danger of injury to fruit treses or crops. 
However, as soon as the lead arsenate comes in contact with water 
or water containing soluble salts, especially alkalies, chemical 
reactions may take pla(‘e by which appreciabh'. quantities of water- 
soluble arsenic may be rc'Jeased and become available for absorption 
by the plant roots. This so-(‘alled ^^solublc arsenic/^ may be in 
the form ('ither of arsenic acid (Jl3As()4) or water-soluble salts such 
as K2n As 04, Na2HAs()4, (NH4)2HAs04, depending on the kinds 
of bases, capable of displacing lead from the PbHAs04 molecule, 
present in soil solution. 

In addition to the salts ])resent in soil, waters used for spraying 
insecticides, cspe.cially hard waters, in many instances contain 
appreciable (piantities of salts such as sulfates, chlorides, carbonates, 
bicarbonates, and nitrates, which may react directly with lead 
arsenate, forming soluble arsenic. 

It has been detinitcly established by Kilgore (10) y Headdeii (9), 
Clinton and Britton (4), Smith (/^), Swmigle, Morris, and Burke 
(17)j Ginsburg (6', 7, S), and other investigators that arsenical injury 
to plants may be caused by soluble ai'senic cither originally present 
in the spray mixture or subsequently formed. That small quan- 
tities of soluble arsenic present m certain soils may prove injurious 
to fruit trees and other crops has been shown by Headden (9), Newton 
(13), Morris and Swingle (12), and others. Cooper and his asso- 
ciates (5) have found that the accumulation of arsenic in certain 
soils causes a marked reduction in the yield of certain crops. Reed 
and Sturms (14) report difficulties encountered by farmers of south- 
west Louisiana in growing rice following cotton that has been dusted 

1 Received for publication September 2, 1939, Taper of the Journal Series, New Jwscy Agricultural 
Experiment Station, Department of Entomology, 

3 Italic numbers in parentheses refer to Literature Cited, p. 205. 
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with calcium arsenate. Carter {2) reports hydrochloric acid, sodium 
silicate, and sodium hydroxide as the best solvents for the removal 
of lead arsenate residue from fruits. 

Any chemical possessing the properties of decomposing lead 
arsenate in the spray mixture or in the soil is of immediate importance 
to the agriculturist, particularly the fruit grower. Ho is primarily 
interested to know the chemicals possessing such properties. The 
purpose of the investigation reported in this paper was, therefore, 
to determine which of the chemicals normally found in soils or spray 
waters rea(^t with lead arsenate to form soluble arsenic. 

MATERIALS AND METHODS 

Of the various compounds that one would reasonably expect to 
find in soils and spray waters, as indicated by Clarke (5), Russell 
(/5), and Weir (J^)i some 50 outstanding salts were selected for 
testing. They consisted of several members of each of the follow- 
ing 10 groups: Phosphates, carbonates, bicarbonates, a(‘etates, 
sulfates, nitrates, chlorides, silicates, sulfides, and sulfites. Chem- 
ically pure salts were used in all tests. 

In order to determine the amount of soluble arsenic that each of 
these salts can form from lead arsenate, the following method w^as 
employed: A standard brand of acid lead arsenate was mixed at the 
rate of 2 gm. in 500 cc. of distilled water (approximately 3 pounds 
per 100 gallons) with approxhnate stoichiometrical proportions of each 
salt. The mixture was allow^ed to stand at room temperature for 
about 24 hours with frequent shaking. At the end of this period the 
mixtures were filtered and the soluble arsenic in the filtrate was 
determined as AS2O3 by the standard iodine method as outlined in 
the official method (i). From the percent of AS2O3 thus found the 
approximate percent of PbHAs04 decomposed was then calculated. 

Approximate stoichiometrical proportions were employed in order 
to furnish a uniform basis for comparison. Since PbHAs04 has a 
higher molecular weight (347) than any one of the salts tested, the 
reacting concentrations of the salts were necessarily lovrer than that 
of lead arsenate, ranging from 0.084 percent for CaS to 0.258 percent 
for BaS04 as compared with 0.4 percent for PbHAs04. The stoichi- 
ometrical concentration of each salt varied according to its molecular 
weight as well as to its reactive chemical equivalent in regard to 
PbIIAs04. The concentration of lead arsenate remained constant in 
all the tests. 

In another series of tests the concentration of certain selected salts 
was increased to several times their stoichiometrical proportions, the 
lead arsenate remaining constant, and the soluble arsenic formed was 
again analyzed. The actual concentrations of the salts tested in the 
two series are given in the tables. 

The procedure of preparing the samples for analysis was as follows: 
The required amount of each salt, based on its anhydrous content, 
was accurately weighed into a 1 -liter flask and mixed with 500 cc. 
of distilled water. After a few minutes shaking the hydrogen-ion 
concentration of the solution was determined potentiometricidly, by 
employing the hydrogen electrode. The lead arsenate was then added. 
The hydrogen-ion concentration was determined to ascertain whether 
or not the pH value of the solution, by itself, plays any part in decom- 
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posing lead arsenate. Duplicate samples were run for each analysis. 
Blanks consisting of the salt in the same concentration, but with- 
out lead arsenate, were also run. The averages of tlie analyses are 
presented in condensed form in the two tables. 

RESULTS AND DISCUSSION 

DECOMPOSITION OF LEAD ARSENATE 

A comparison of the data in table 1, where the results from all the 
salts tested are presented, shows that the sulfates, nitrates, and 
acetates, a total of 19 salts, did not appreciably affect the decomposi- 
tion of lead arsenate, as may be seen from the low percentages of 
AS2O3 analyzed in the filtrates. This disclosure was rather surprising, 
as all the salts in these 3 groups, except BaS04, are water soluble. 
The next 5 groups of salts caused the following percentages of decom- 
position of lead ai'senate: Clilorides about 5; silicates from 7.7 to 9.6; 
carbonates from 4.3 to 47; bicarbonates about 7; and sulfites from 1.4 
to 17.8. The highest percent decomposition of PbllAsOi occurred 
in the presence of suHides, ranging from 30 for CaS to 89.2 for Na2S5. 

Most interesting results were obtained with the grou]) of phosphates. 
The three phosphates of calcium caused no material increases in the 
decom])osition of PbHAs04, as compared with the check where lead 
arsenate alone was used. Of the three phosphates of potassium, the 
tribasic (K3PO4) decomposed 35; the dibasic (K2IIPO4) 17.8; and the 
monobasic (KII2PO4) only 1 percent of the lead arsenate. Almost 
identical results were secured with the corresponding phosphates of 
sodium (tests 47, 48, 49). In each of these two groups of alkali phos- 
phates the percent of soluble arsenic formed was in direct proportion 
to the number of either sodium or potassium atoms and in inverse pro- 
])ortion to the number of hydrogen atoms present in the molecule. 

EFFECT OF HYDKO(JEN-ION CONCENTRATION 

Since the pH values of the salt solutions tested lie within a wide 
range, varying from 3.6 for Ca(H2P04)2 to 1 1.4 for Na2S5, the relation- 
ship was studied between the hydrogen-ion concentration of the salt 
and the })erccntage decomposition of PbHAs04. A close analysis of 
the results in table 1 shows that in the majority of cases salts with pH 
values of 8 or higher formed large amounts of soluble arsenic. On the 
other hand, salts with pH values of 7 or lower in most instances either 
did not affect the lead ai'senate at all or only slightly increased its sol- 
ubility. Thus of 19 salts ranging in pH values from 8 to 11.4, 17 
decomposed from 7 to 89.2 percent of lead arsenate, while only 2, 
namely Na2S203 and CaSOs, with pH values of 8.7 and 9.3, respectively 
(tests 9, 36), did not increase considerably the decomposition of lead 
arsenate as compared with the check. Again, of 29 salts with pH 
values from 3.6 to 7.2, 23 decomposed only from 0.28 to 1.5 percent of 
l^bHAs04. Here the 5 chlorides and 2 carbonates tested offer excep- 
tions. Although the pH values of the chlorides ranged from 6.5 to 
7.1, the percentages of lead arsenate decomposed were appreciable, 
varying from 4.73 to 4.98. The carbonates of Ca and Mg (pH 6.5 
and 6.4) decomposed 4.3 and 8.26 percent of PbHAs04, respectively. 

It should be noted, however, that these results were obtained with 
chemically pure salts in distilled w^ater. Somewhat different reactions 
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might be obtained if the same salts were present in soils varying in pH 
values. Deviations from these results should also be expected in soils 
high in organic constituents, which may act as buflfers in preventing 
changes in the hydrogen-ion concentration. 


Table 1, — Soluble arsenic formed from lead arsenate {2 gm. in 500 cc.) when mixed 
vriih different salts in approximate stoichiometrical proportions 


Test 

No. 

Name of salt 

Chemical 
formula of 
salt 

Approxi- 
mate! sol* 
ubility of 
salt in 
water 

Salt 

tested 

pH of 
salt 
solu- 
tion 

AszOi 

pro- 

duced 

PbHAsO^ 

decom- 

posed 

1 

Aluminum sulfate 

Al2(S04)3 

Percent 

31.00 

Per- 

cent 

0. 12 

Per- 

cent 

3.9 

Per- 

cent 

0.40 

Percent 

1.40 

2 

Ammonium sulfate 

(NHiIjSOi..- 

71.00 

.153 

6.3 

.13 

. 45 

3 

Barium sulfate 

BaSOi 

Trace 

.2.58 

5.8 

.15 

.52 

4 

Calcium sulfate 

CaSO* 

.18 

.136 

7.1 

.14 

.49 

5 

Copper sulfate. 

CuSOi 

20.00 

. 168 

4.6 

.17 

.59 

6 

Magnesium sulfate 

MgSO* 

26. 00 

.14 

6.8 

.11 

.38 

7 

Potassium sulfate 

K 2 SO 4 - - 

8.50 

.20 

7.1 

. 15 

. 52 

8 

Sodium sulfate 

Na2804 

5.00 

. 165 

6.9 

.21 

.81 

9 

Sodium thiosulfate 

Na2S203 

74.00 

.184 

8.7 

.30 

1. 05 

10 

Zinc sulfate 

ZnS04- 

80.00 

.190 

6. 5 

.08 

.28 

11 

Ammonium nitrate. 

NH 4 NO 3 

(2) 

.184 

5. 7 

. 19 

. 66 

12 

Calcium nitrate 

Ca(N03)2 

C^) 

. 188 

6.7 

.21 

73 

13 

Magnesium nitrate . . . _ 

Mg(N03)2-.- 

(*) 

.172 

7.8 

.24 

.84 

14 

Potassium nitrate 

KNOj 

13, IK) 

.232 

6.8 

. 35 

1. 22 

15 

Sodium nitrate 

NaNOs 

73.00 

.196 

6. 5 

.39 

1.37 

16 

Calcium acetate 

Ca(C2H302)2.. 

43. 00 

.168 

6.7 

.25 

.87 

17 

Magnesium acetate 

Mg(C2H302)2 

(») 

.152 

6.9 

.50 

1.72 

18 

Potas.sium acetate 

KC 2 H 302 -.. 

(2) 

.208 

6.3 

.31 

1. 09 

19 

Sodium acetate 

NaC2H302.. 

20. (K) 

.176 

6. 9 

.30 

1.05 

20 

Ammonium chloride 

NH 4 CI 

29.00 

.12 

6.6 

1.40 

4.90 

21 

Calcium chloride 

CaCh 

59. 00 

.128 

6. 6 

1. 35 

4. 73 

22 

Magnesium chloride 

MgCh-- 

62.00 

.108 

6.6 

1.72 

4.98 

23 

Pota^isium chloride 

KCl.. 

28.00 

.172 

7.2 

1.42 

4. 96 

24 

Sodium chloride 

NaCI 

35.00 

.136 

7.1 

1.40 

1. 90 

25 

Magnesium silicate 

MgSiOs 

P) 

.108 

8.8 

2.20 

7.70 

2f> 

Potassium silicate 

K2Si03— 

(3) 

. 165 

9.9 

2. 25 

7. 87 

27 

Sodium silicate 

Na2Si08 

( 3 ) 

.128 

10.2 

2. 75 

9.63 

28 

Ammonium bicarbonate.. 

NH 4 HCO 3 -.. 

12.00 

.092 

8.0 

2.00 

7.00 

29 1 

Potassium bicarbonate 

KHCO^ 

25. 00 

. 110 

8.2 

2. 15 

7. 65 

30 

Sodium bicarbonate 

NaHCOj — 

5.00 

.096 

8.1 

2.11 

7.38 

31 

Ammonium carbonate. 

(NH4)2C03— 

100.00 

.11 

8.9 

5.80 

20. 30 

32 

Calcium carbonate 

CaCOs 

.01 

. 116 

6. 5 

1.20 

4.30 

33 

Magnesium carbonate 

MgCOs.. ... 

.01 

.096 

6.4 

2. 36 

8. 26 

34 

Potassium carbonate 

K 2 CO 3 

89.00 

. 16 

10.5 

13. 40 

47.00 

35 

Sodium carbonate 

Na2C08 - 

7.00 

.12 

10.7 

13. 40 

47.00 

36 

Calcium sulfite 

CaSOi, 

,125 

.14 

9.3 

.40 

1.40 

37 

Sodium sulfite . 

Na2SO» 

28.00 

.144 

10.0 

5.10 

17,80 

38 

Calcium sulfide 

CaS 

(») 

.084 

10.1 

8.60 

30.00 

30 

Sodium sulfide, mono 

Na2S 

1.5.00 

.09 

11.1 

26.00 

87.60 

40 

Sodium sulfide, penta 

Na2S6 . 

P) 

.24 

11.4 

25.00 

89.20 

41 

Monocalciura phosphate 

Ca(H2P04)2..- 

0) 

.092 

3.6 

.31 

1. 10 

42 

Dicalcium phosphate 

CAHPO 4 

.02 

.104 

7.1 

.57 

2.00 

43 

Tricalcium phosphate 

Cai(P04)2 

0) 

.12 

6.9 

.43 

1.60 

44 

Monopotassium phosphate 

KH2P04 

25.00 

.104 

6.5 

.29 

1.00 

45 

Dipotassium phosphate 

Tripotassium phosphate 

K2npo4 

(*) 

.132 

8.5 

5.10 

17.80 

46 

KsPOl 

(») 

.162 

9.5 

10.00 

36.00 

47 

Monosodium phosphate 

NaH2P04-.... 

(2) 

.092 

5.6 

.31 

1.10 

48 

Disodium phosphate 

Na2nP04 

6.00 

.112 

8.5 

5.40 

18. 90 

49 

50 

Check 

Trisodium phosphate 

NasP04 

28.00 

.128 

9.8 

9.00 

31.50 

Lead arsenate only 




5.2 

.18 

.63 


* When exact percentages are not known the following expressions are used: Soluble, slightly soluble, 
very soluble, decomposes. 

* Very soluble. 

3 Soluble. 

* Decomposes. 

* Slightly soluble. 

SOLUBILITY OP CHEMICALS 

Of all the chemicals tested, only four, CajPO,, BaSO,, CaCOs, and 
MgCOs, not sufficiently soluble at room temperatures to dissolve 
completely in the volume oi water used in the tests. The other com- 
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pounds were appreciably soluble, many of them very soluble, as indi- 
cated in table 1 . If the degree of solubility alone is taken as a criterion 
for measuring decomposition of lead arsenate, there seems to be no 
direct relationship. Thus MgCOa, 0.01-percent soluble, decomposed 
8.26 percent, whereas MgS04, 26-percent soluble, decomposed only 
0.38 percent of PbllAsCX. Again, NaNOg and NaC2H302, both very 
soluble, decomposed only 1.37 and 1.05 percent of lead arsenate, re- 
spectively. An outstanding example is offered by the phosphates. 
The KgPCb, of slight solubility, decomposed 35 percent, while KH2PO4, 
25-percent soluble, decom[)osed only 1 percent of lead arsenate. 

Apparently other factors, in addition to solubility, such as acidity 
or alkalinity, de^gree of ionic dissociation, position of the base of the 
salt in the ^'displacement series^’ with respect to lead, and solubility 
of the reaction products play their parts in determining the extent of 
reaction of the salt with lead arsenate. 

INCREASED SALT CONCENTRATIONS 

In seeking more information to explain adequately why some soluble 
salts, as well as several entire groups of salts, did not react with lead 
arsenate, it occurred to the writer that the small concentrations used 
might have been insufficient for the chemical reaction of these salts to 
take place. Acc’ordingly, another series of tests was run with higher 
concentrations, using multiples of the stoichioinetrical proportions of 
the salts, tlu'oretically rcipiired to react with 2 gm. of acid lead arse- 
nate. For these tests the potassium and magnesium salts of tlie three 
groups, nitrates, acetates, and sulfates, as well as the entire group of 
phosphates, were selected. The actual concentrations of the salts and 
the soluble arsenic formed are given in table 2. 


Table 2. Soluble arsenic formed from lead arsenate (2 gni. in 600 cc.) when mixed 
with different salts in niultiples of their approximate stoichiometrical proportions 


Tost 

No. 

Name of salt 

Chemical for- 
mula of salt 

Salt 

tijstcd 

M ultiplcs 
of St oichio- 
m(^tri(^Hl 
propor- 
tions used 

AS20;t 

formed 

PbllAsOi 

decom- 

posed 

:>! 

Potassium sulfal o 

K 2 SO 4 - . 

Percent 

5.0 

25.0 

Percent 

0.44 

Percent 

1. 54 

52 

Magnesium sulfate 

MgSOi . 

5.0 

35.7 

.20 

.91 

53 

PotHvSsium nitrate. . . 

KNOs 

1.0 

4.3 

. 30 

1.20 

54 

Magnesium nitrate 

Mg(N03)2.. 

1.0 

5.8 

.31 

1.08 

55 

Potassium aw^tate 

KOaHaOj . . 

5. 0 

24.0 

.2iJ 

1. 02 

50 

Magnesium acetate 

MgfC2H303)2 

.1 

2.0 

.23 

.81 

57 

M oiiocalcium phosphate . _ . ... 

cacmpod.. 

.4 

4.3 

.80 

3.01 

58 

Dicalcium phosphate . 

CaUP04 . 

.4 

3.8 

.40 

00 

69 

I Tricalclum phosphate 

Ca3(P04)2... 

.Aj 

3.3 

.45 

1. 57 

(X) 

Monopotassium phosphate.. 

KII2P04.. 


3.8 

.25 

.87 

(>1 

i Monosodium phosphate . 

NaH 2 P 04 .. . 

.4 

4.4 

.40 

1.40 

02 

Dipotassium phosphates . 

K 2 HP 04 

.4 

3. 0 

7.30 

25. 65 

eui 

Disodium phosphate 

Na2HP04 

.4 

3.0 

0.60 

33.00 

04 

Tripotassium phosphate 

KjP04. 

.4 

2,4 

10.50 

57. 75 

05 

00 

Check 

Trisodium phosphate 

Na2P04- 

.4 

3.1 

15. 10 

62.85 

Lead arsenate only... 



.4 

1.0 

.22 

.77 
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The results from the second series substantiate the first findings, 
namely, that nitrates, sulfates, acetates, and monobasic phosphates 
do not form soluble arsenic from PbHAs04, regardless of the concentra- 
tions employed. Thus, increasing the comentrations of K2SO4 and 
KC2H3O2 to 5 percent, or about 24 times the amount previously used, 
(lid not appreciably change the low percentages of soluble arsenic 
found in the filtrates. Similar results were also shown by the phos- 
phates. Increasing the quantities of NaHsPO^ and KH2PO4 to about 
4 times the concentration used in the first senes of tests, produced only 
0.4 percent and 0.25 percent of AS2O3, respectively. Of the 3 calcium 
plwsphates, only Ca(H2P04)2 showed a small increase of soluble arsenic, 
giving 0.86 percent (test 57) of AS2O3 as compared with 0.31 percent 
(test 41). 

On the other hand, the dibasic and the tribasic phosphates of sodium 
and potassium, which formed large amounts of soluble arsenic in the 
first series of tests, still further increased the percentages of AS2O3 in 
the filtrates of the second series, as may be seen by comparing tests 
62, 63, 64, and 65 (table 2) with tests 45, 46, 48, and 49 (table 1). 

SUMMARY AND CONCLUSIONS 

Some 50 salts generally present either in soils or in spray waters were 
tested in the laboratory to determine to what extent they can form sol- 
uble arsenic when in contact with acid lead arsenate. The salts were 
mixed in various concentrations with constant quantities of lead arse- 
nate (about 3 pounds per 100 gallons) and allowed to stand for 24 
hours with frequent shaking. The filtrates of these mixtures were 
analyzed for soluble arsenic. 

Of the 10 different groups of salts tested, the nitrates, sulfates, and 
acetates, without a single exception, proved relatively nonreactive with 
PbHAs04. 

The chlorides, silicates, and bicarbonates produced moderate quan- 
tities of soluble arsenic. 

Salts of carbonates and sulfides usually formed largo percentages of 
soluble arsenic. 

In the phosphate group, the three phosphates of calcium and the 
monobasic phosphates of sodium and potassium formed inappreciable 
quantities of soluble arsenic, whereas the dibasic and especially the 
tribasic phosphates of either sodium or potassium formed large 
amounts of soluble arsenic. 

The percent of solubility of a salt in water is, by itself, not a deter- 
mining factor in forming soluble arsenic. But, of a group of salts 
possessing the property of decomposing lead arsenate, the salt which 
is highly soluble in water will form more soluble arsenic than a salt 
which is only slightly soluble in water. 

The hydrogen-ion concentration of the salt solution plays, with few 
exceptions, an important role in decomposing lead arsenate. Salts 
with pH values of 8 to 11.4 produced, with two exceptions, ihore 
soluble arsenic than did salts with lower pH values. 
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FURTHER STUDIES ON GROWTH SUBSTANCES IN RELA- 
TION TO THE MECHANISM OF THE ACTION OF 
RADIATION ON PLANTS* 

By H. R. C. McIlvaine, research assistant, and H. W. Popp, professor of botany, 
Pennsylvania Agricultural Experiment Station 

INTRODUCTION 

It has been repeatedly demonstrated that ultraviolet and visible 
violet radiation have definite formative eflccts upon growing plants. 
One of the most striking of these effects is the general stunting of the 
plant. This was especially evident in the work of Schanz {12)^^ 
Popp (7), and Popp and Brown {8, 9, 10). In all this work no effect 
has been more consistently evident, except destruction by the ex- 
tremely short wave lengths, than the decreased stature of the plants 
exposed to the blue-violet end of the spectrum. 

In a previous study, Popp and McIlvaine (11), in an attempt to 
(explain this formative eft’ect of the short wave lengths, exposed 
seedlings to radiations from a mercury-vapor lamp in quartz, using the 
unscreened arc and three types of Corning glass filters: Noviol O, 
transmitting down to 389 m^i; G586A, transmitting the region 300 -^36 
mm and red-purple Corex A, transmitting the region 2»50~415 m/z, 
These plants were tested for growth substance by a modified Went 
technique (3, 14), as were control plants kept in the dark. It was 
found that the wave length of radiation, the stature of the plants, and the 
amount of growth substance revealed by the tests, were all positively 
correlated. The shorter the wave length, the shorter were the plants 
and the smaller the amount of growth substance found. It seemed 
evident that if the Went technique is a reliable quantitative test 
for growth substance, then radiations, especially of the shorter 
wave lengths, have a destructive influence on the growth substance in 
the plant. This (explains at least part of the mechanism of the action 
of radiation on plants. The present investigation was undertaken in 
continuation of the above study. In the work herein described more 
attention was given to tin* visible region of the spectrum. A study 
was also made of the effect on growth-substance content iwheii seed- 
lings wer(^ transferred from light to darkness and from darkness to 
light. 

As early as 1933 there was presented some evidence indicating 
that light had some effect on growth substance. All this work, 
however, dealt with more mature plants. It was reported (1, 5, 6, IS, 
15) that there is a higher concentration of growth substance in 
young illuminated plants than in those kept in the dark. Skoog and 
Thimann (IS) concluded that light favors the formation of the growth 
substance in plants, and darkness favors its physiological activity. 
Later Avery, Burkholder, and Creighton (2), using fully matured 

1 Received (or publication August 8, 1939. Contribution No. 125, Department of Botany, Pennsylvania 
State College. Paper No. 918 in the Journal Series of the Pennsylvania Agricultural Exi)eriment Station 
This work was supported by the radiation committee of the Division of Biology and Agriculture, National 
Research Council. 
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plants, found that the growth substance disappeared in darkness, but 
reappeared when the plant was replaced in the light. They concluded 
that light is necessary for the synthesis of the growth substance. 
They also reported some evidence that red light especially favors such 
synthesis, 

Burkholder and Johnston (4) reported in a paper reviewed more fully 
elsewhere {11) that growth substance was destroyed by the shorter 
wave lengths of light, after such substance had been allowed to diffuse 
into agar blocks. They also found that such light inhibited the growth 
of seedlings, and bv making correlated tests for the growth substance, 
produced some evidence tliat this inhibition was the result of the 
inactivation of the growth substance. 

EXPERIMENTAL PROCEDURE 

The plants used for the tests were turnips (Brassica rapa L.), of tlie 
Purple Top White Globe variety. Selected seeds were germinated on 
moist cotton and filter paper in sterile J^etri dishes, 50 seeds to a dish. 
The seedlings were kept in darkness at 25° C. except during the radia- 
tion treatments. In some cases other conditions were maintained. 
These are noted below. 

The sources of radiation were (1) daylight, (2) a 5()0-watt Mazda 
lamp in reflector, (3) a General Electric mercury-vapor lamp in glass, 
rated at 100 watts, and (4) a mercury-vapor lamp in quartz. The 
intensity of the last-mentioned lamp at 50 cm. with no filter was 
21.65 (i0*Vcm.^) watts. In table 1 are shown the types of Corning 
glass filters used, witli their spectral ranges of transmission in tin' 
visible and ultraviolet regions and the comparative amount of energy 
they transmit, the transmission of the violet being unity. Tlie total 
energy transmitted by each of these glasses was measured by means 
of a pyrheliometer of the Kimball and Hobbs type ^ and (utlier tin' 
distance from the lamp or the time of exposure, or both, were altered 
to equalize the energy through the filters. In some cases chcM'se- 
cloth screens were used to lower intensities. Tlie time and distance 
of exposure were based upon exposure to the unscreened mercury- 
vapor arc, this latter being enough to provide a maximum of tin* 
formative effects in the plant with a minimum of injury. 


Table 1. — Spectral range (visible and ultraviolet regions) and energy transmission ^ 

of the filters used 



Filter 


Spectral 

Comparative energy 
transmitted from— 



range 

Mercury- 
arc source ! 

Mazda 

source 

034 . . . 

TUM 

52tl-720 

1 

20 

G403ED . . , 

374-686 


8 

Corex D, clear 

260-720 

22 1 

30 

HR Signal Red 

610-685 

13 1 

24 

Sextant Green i 

466-600 

4 i 

5 


380-482 

1 

1 

1 

1 


» violet as unity. 


® I^ut by the Eppley Laboratory, Inc, 
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Tlio plants wore* usually oxposcMl to the particular radiation 24 
hours after being placed in the germinators and sernidaily or daily 
ther(*after for 3K> or 7 days. During the radiation a strong current of 
air was kept moving over the plants to minimizes the heating eflects 
of the lamp and to dispeu'se the ozone when the latter was fornu'd by 
the mcvrcury-vapor lamp in quartz. Controls consisted of plants 
grown un(l(u- the same conditions maintained for tlu^ test plants, 
exc('pt tliat irradiations wnre omittcHl. 

Two groups of ydants were kept in diffused daylight in the gri^en- 
liouse with various piTiods of darkening, to determine the effect of 
darkness following growth in th(‘ light. Jn tliis case controls con- 
sist('d both of plants grown in total (larkn(‘ss and [ilants grown con- 
tinuously imd(ir greenhouse conditions. 

Tests for the growth sulistance wiu-e made by a modified Wemt 
Aveoa curvature method (5, 14 ). The t(*st coleo|)til(‘s were from 
oats {Avena saliva L.) of a uniform pure line, receivtal from Dr. C. F. 
Noll, of the Pennsylvania Agri(mltural Experiment Station. In the 
growtli-subslance dot (‘main ations about 1 mm. of the tip of each 
test seedling was cut off. Th(‘se tips were then plac(‘d unilaterally 
on the ('lids of Aveaa coh'optilcs which had been d(‘capitated and 
plac(‘(l in a dark moist chamb(‘r 2 hours pn'viously. The coI(‘optiles 
bearing tlu‘ t(‘st tips were ydaced in a moist chambtu* in tlu^ dark. 
Two hours later tlu'y wore*, removed and the curvature of th(‘- col(‘op- 
tile, if any, was measured in a vshadow box. During all the manipu- 
lations the Avena seedlings W(U*c secuivd in special glass holders. All 
manipulations W(‘re carried out in photographically inactive light. 
That this light had no formative elfect upon the Avena coleoptiles was 
determined by previous tests. 

As a further check, growth substance was allowed to diffuse into 
agar blocks from th(‘ tips of turnip sec'dlings grown in the dark. These 
blocks wer(' tluui plac(*d in a moist chambtu* and irradiated by a 
in(‘rcury-vai)or lamp in (piartz tlrrough a scr(‘en of clear Corc'x D (2 
mm.) glass. After this they w(*re placed unilaterally on prepared, 
dc'capitated Avena coleoptil(‘s which were then treated in the usual 
maniu'r, d(‘scribed abov(‘. I'he control consisted of the same proce- 
dure, omitting only the irradiation of the blocks. 

RESULTS 

In table 2 are given the results of trusts on seedlings grown for 7 
days, receiving the radiations of a 5()0-watt Mazda lam{) at 82 cm. for 
a total of 720 minutes every 24 hours. To minimize the heating 
effect, this radiation was administered 15 minutes at a time, alternat- 
ing with 15-minute periods of darkness. Records of the mean heights 
of the seedlings were kept, and it will be nottKl that tliese were posi- 
tively correlated with the amounts of growth substance indicat(‘d by 
the tests. These two filters, G34 and G403ED, divide the visible 
spectrum into two regions, there being only a small overlap in their 
regions of transmission. G34 transmits the red lialf of the spectrum 
and G403ED, the blue-violet half. Seedlings exposed to the shorter 
wave-lengths were uniformly shorter and contained less growth 
substance than those under the G34 glass. 

219207—40 r» 
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Table 2. — Mean curvatures obtained from turnip test plants SM and 7 days of age 
under vario^is conditions of radiation when screens dividing the visible spectrum 
into 2 parts were used 

PLANT'S AGED 7 DAYS, AFTER RECEIVING RADIATIONS FROM A 500-WATT MAZDA 
LAMP A TOTAL OF 720 MINUTES EVERY 21 HOURS 


Screen 

T<‘.sts 

Mean 
height of 
seedlings 

Mean 

curvature 

034 . _ 

Aumher 

76)8 

Centimeters 
5.03 I 

Degrees 

4. 43-tO. 34 

G403ED Blue .. 

708 

5.01 

3. 08± . 31 



PLANTS AGED m DAYS. AFTER RECEIVINO RADIATIONS FROM A MERCURY- VAPOR 
LAMP IN QUARTZ FOR 5 MINUTES EVERY 12 HOURS 


034 

0403EI) Blue. 


720 

3 50 

720 

2. 60 


4. 00±0. 02 
3. 00± . 21 


PLANTS AGED 3^ DAYS, AFTER RECEIVING RADIATIONS FROM A 500-WATT MAZDA 
LAMP FOR A TOTAL OF 480 MINUTES EVERY 12 HOURS AND RADIATIONS FROM A 
MERCURY-VAPOR LAMP IN GLASS A TOTAL OF 60 MINUTES KVEllY 24 HOURS 


G34 . 

G403ED Blue 

Control (total darkness) 


732 

3. 75 

780 I 

2. 51 

840 

0. 20 


4- 2H±0. 30 
3. l)0:fc , 21 
5 . 814 , .20 


In tabic 2 arc also shown the results of irradiating the seedlings 
through the same screens but with a mercury- vapor lamp in quartz 
as tlie source of radiation. Exposures were for 5 minutes every 12 
hours, and plants were growm for 3K days. In this case there was a 
greater difference between the two series of (experiments than when 
the source was a Mazda lamp. The shorter plants were those under 
the blue glass, and these also contained less of the growth substance. 

In table 2 are shown the results obtained from plants grown under 
radiation from both types of sources. The seedlings received the 
radiations from the Mazda lamp for a total of 480 minutes every 12 
hours for 3K days. In addition, they received the radiation from a 
mercury-vapor lamp in glass at 15 cm. for a total of GO minutes every 
24 hours during the same period. The difference bctweeui the two 
groups was greater than in either of the preceding cases. The seed- 
lings under the blue glass were here, also, shorter and contained h^ss 
growth substance. 

Several series of tests were made in which tlie visible spectrum was 
divided into three parts by the use of red (H R Signal Red), green 
(Sextant Green), and violet screens and comparisons made with tlie 
full spectrum (Corex D). In these series the total radiation reaching 
the plants was equalized on the basis of the total energy transmitted 
through the filters. This did not take into account differences of 
transmission in the infrared region, and since the total transmission 
of the Sextant Green screen and of the Violet screen were extremely 
low as compared with the H R Signal Red screen, results obtained 
with these screens are only partly to be attributed to the wavelength 
region in the visible spectrum transmitted by each of these screens. 
In fact, from previous results reported, it seems likely that even when 
the total intensitiies were equalized under the three screens the plants 
under the green and the violet screens received less visible radiation 
than did those under the red screen. 
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Tablk 3. — Alcan curvatures obtained from lurnij) test 'plants 7 days of age under 
various conditions of radiation when screens dividing the visible spectrum into 
3 parts were used 

PLANTS THAT HECEIVED RADIATION FROM A :)0f»-WA^J'T MAZDA LAMP FOR A 
TOTAL OF 720 MINUTES EVERY 24 HOURS 


Corcx D (2 mrn.) _ - 
H R Sijjnul R«'(i . . 

Sextant Green 

Violet.. 


Screen 

Tests 

Mean 
height of 
seedlings 

Mean curva- 
ture 

, 

Numfier 

57(i 

570 

f)7(i 

r>7() 

Centimeters 

l.Wl 

2.97 

4.89 

4.55 

Degrees 
1.27db0. 027 
:i.48± .39 
5.04rfc .32 

5. (M)± . 17 


PLANTS THAT RECEIVED RADIATION FROM A .-iOO WATT MAZDA LAMP FOR A 
TOTAL OF 720 MINUTES EVERY 24 HOURS AND FROM A MERCU RV-VAPOR LAMP 
IN QUARTZ A TOTAL OF MINUTES EVERY 24 HOURS 


H R Signal Red 





. 480 

3. 02 

3. 2I:L0. 25 

Sextant Green 





’ 480 

4.95 

5. 43:t . 29 

Violet .... 





; 480 

I 1.90 

2. I2± .22 

Control (total darkness).. 





i 792 1 

' 8.30 

' 1 

5.90± . 17 


PLANTS EXPOSED TO DAYLIGHT THROUGH PLATE GLASS AND WATER AND OTHER 

SCREENS 


Corcx 1.) (2 mill.) 

H R vSignul Red 

Sextant Green 

Violet .. 


i 

288 1 

1.49 

1.92+0.27 

i 

288 

3. 50 

3.92+ .37 


288 

5.21 

5. 50+ . 33 


2HH 

5.00 

4. 90.+ . 28 


The results obtained with these screens are presented in table 3, 
vvdiieh gives first tln^ results obtained when a Mazda lamp w^as used 
as the source of radiation. The plants were' irradiated for a total of 
720 minutes evorv 24 hours. The radiation was in periods of 15 
minutes alternating wdth 15-minute periods of darkness. The shortest 
plants were those under the clear Corex I) scretui, and these plants also 
contained the smallest amount of grow^th substance. Next in height 
and amount of growth were the sc'cdlings under the H R Signal .Red 
filter. The plants under the Violet scretui WTre still taller and con- 
tained more growtlv substance, wdiile tliose und(*r the' S(L\tant Green 
glass were tin', tallest and contained the most growth substance. 

It is interesting to note that the plants und(‘r the Sextant Green 
ser<'en as W(41 as those undt^r the Violet screen were taller and gave 
higher curvatures in the Arena test than did those under the red screen 
in spite, of the fact that those under the red screen received only 
longer w^avelengths of radiation. Tliis may be attributed to the factors 
mentioned in a previous paragraph as wt 41 as to the fact that the Mazda 
lamp is relatively deficient in blue-violet radiation. That this is true 
is indicated in table 3, wdiere the radiation from the Mazda lamp w^as 
supplemcuited by that from a mercury-vapor lamp wdiich is rich in 
blue-violet rays. In this case, the plants under the violet screen were 
the shortest and contained tlie smallest amount of growth substance. 
Plants under the red glass were next in both respects, and those under 
the Sextant Green screen were tallest and contained the most growth 
substance. Controls in complete darkness exceeded the test plants in 
every case. The higher intensity of the blue-violet region under these 
conditions did not offset the effects under the Sextant Green screen 
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since this screen does not transmit much of the extreme blue-violet 
region. 

Table 3 contains the results of growing plants in sunlight for one-half 
day and in diffused dayliglit one-half day every 24 hours for 7 days, 
through August. Four different screams were used over separate plant 
cultures, but, in addition, over all the plants was a plate-glass scrc^en 
covered with a flowing film of cold water to minimizes the heating efl Vets 
of the sunlight. Under these conditions seedlings under the clear 
Con^x D screen were the shortest and contained tlu^ smallest amount 
of growth substance. Next in height and amount of growth substance 
were those under the red glass. Seedlings under tlu^ violet screen came 
next in height and amount of growth substance, and the tallest plants, 
with the greatest amount of growth substance, were those under the 
green filter. Since intensities were not accurately equalized in this 
group, the greater height of the plants under the green and violet 
screens may be attributed to the low amount of radiation transmitted 
bv thnni. 

Table 4 contains the results of irradiating agar blocks into which 
had diffused growth substance from the tips of turnip seedlings grown 
in total darkness, the exposure being one 15-minute period at 50 cm. 
The amount of active growth substance in such blocks was not appr(»- 
ciable. The control blo(4vS produced the usual amount of active 
growth substance. The Arena test coleoptiles were used at the age 
of 3K days, during all of wliich time they liad been growing in the 
dark. 

Two series of experiments were carried out to determine the effect 
of various periods of light and darkness upon seedlings. In the case 
of the seedlings itemized in table 5, all tests were made at the end of 
7 days. There was some evidence of accumulation of growth sub- 
stance, but the amount was evidently small. The smallest amount 
was found in seedlings grown in diffused daylight for 7 days. The 
control had the largest amount and the other two groups were between 
these. Those in the light the last 3 days had less growth substance 
than those in the dark the last 3 days. 

Table 4. — Mean curvatures obtained from Avena coleoptiles days of age after 
irradiating the test blocks ^ with a mercury-vapor lamp in quartz 



Item 


Tests 

Mean eurvature 




Nuwher 

De.greeft 

Irradiated agar blocks 



480 

0. 02:fc0. (K) 

Control. „ 




, 402 

.').84dr0. 17 


• Containing diiluscd growth suKstance from tips of turnip seedlings grown in total darkness. 


Table 5. — Mean curvaUires obtained from turnip test plants 7 days of age after 
exposure to various conditions of diffused daylight and darkness 


Conditions 

Tests 

Mean 
height of 
seedlings 

Mean curvature 

Control (total darkneSvS) 

In dark 4 days, then in light 3 days . — 

In light 4 days, then in dark 3 days 

In diffused dayliciit 7 days 

Number 

588 

ftOO 

57G 

588 

Centimeters 
5. 40 
3.76 
[ 4. ,58 

3.00 

Degrees 

5. 08tb0. 42 
3. 32d= . 35 
4. 80=fc . 32 
2.39.4= .33 
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In table 6 are shown the results of various periods of diffused day- 
light and darkness in three series of experiments. These seedlings 
were grown in soil in the greenhouse, and tlie days are reckoned from 
the time the plants appeared above the soil. Each series can be con- 
sidered as a single culture. For instance, in series A, about 700 seeds 
were planted. These had been above the ground for 3 days when 132 
of them were tested for the growth substance. The rest were placed 
in darkness for 3 days, at tlie end of which time another sample (132) 
of them was tested. The remaining seedlings were placed in diffused 
daylight and at tlie end of 3 days more these were tested. Controls 
were grown for the 9 days in either complete darkness or in diffused 
daylight, with no cluinges. Tliere was little accumulation of the 
growth substance evident from the results obtained. Seedlings that 
had been in the dark always contained more of the growth substance 
tha.:'. did those that had been in the light, regardless of conditions 
existing previously. 


Tahle O.Mean curvature obtained from turnip seedlings transferred from light to 
darkness and from darkness to light 


S('rl(>s and conditions 


Series A: 

After li days of dillused dayliahl 

After 3 days of darkness follow iri«: the 3 days in daylijrht.. 

After 3 more days of diffused daylisjht followincr the 3 days in darkness . 

Control - 9 days of dilYnsed daylipht . .. . 

Control- 9 days of darknes.s . _ . .. 

Series Ji: 

After 2 days of diffused dnylifrht 

After 4 days of darkness followdnp: the 2 days in daylight.- ... 

After 2 more days of diffused daylight following the 4 days in darkness. 

Control— 8 days of diffused daylight.. . .. ... 

Control— 8 days of darkness. ... . . . 

Series C: 

After 4 days of diffused daylight... 

After 4 days of darkness following the 4 days in daylight.. 

After 3 more days of diffused daylight following the 4 days in darkness 

Control “II days of diffused daylight .. 

Control -11 days of darkness. 


I'csts 

Mean 


curvutun* 

Kamher 

Degrees 

132 

2. 4r».-±;0. 20 

132 

4. 90±.14 

132 

2. 61±.17 

144 

2. 23 

132 

A 03rf -. 27 

144 

2. r)3±. 18 

144 

4.9fi±. 17 

144 

2. 89db. 21 

144 

2.48^.18 

144 

5. 11±.2(5 

132 

2.40rt.l9 

132 

4.7ydr. 16 

132 

2. 72±. 21 

132 

2.45dr. 16 

132 

4. 99rt:. 24 


DISCUSSION 

Throughout the experiments there was found to be a very positive 
correlation betw^een tlu' heights of the seedlings and the amounts of 
grow^th substance present in them as indicated hy the Arena curvature 
technique. It w^as also found that undt^r equal amounts of energy the 
heights of the plants were less when the scMHllings were exposed to 
shorter wave lengths of radiation. Similarly, the shorter the wave 
lengths of radiation, the smaller was the amount of growth substance 
present. Wlien the visible spectruin was divided into throe sections 
by the use of red, green, and violet screens, the plants under the green 
screen were the tallest and contained the most growth substance. 
This probably may be attributed to the fact that the radiation passing 
through these screens was not equalized in the visible' region of the 
spectrum but on the basis of total energy transmitted, including infra- 
red. Furthermore, the relative deficiency of blue-violet radiation in 
the Mazda lamp source caused plants under the violet screen to be 
taller than those under the red screen (table 3). The greater heiglit 
of the plants under the green screen and the greater amount of growth 
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substance they contained might be thought to indicate that green 
light has less inactivating effect on growth substance than does red 
light, but this cannot be proved until plants have been grown under 
both kinds of light under accurately equalized energy. 

When the visible spec.trum was roughly divided into two parts, by 
the use of the G34 and G403ED screens, and intensities equalized, the 
seedlings under the blue glass were always shorter and contained less 
of the growth substance than did those under the yellow glass. The 
source of radiation caused some of the differences between the two. 
It is evident from iho. data that the blue end of the spectrum has an 
inhibiting effect on elongation and a correlated inactivating effect on 
growth substance. When the source' was a Mazda lamp, the difference 
between the two groups was significant, although not great. When 
sources richer in the blue and violet radiations were used, the amount 
of growth substance and the height of the* seedlings were considerably 
less than in the plants under the G34 screen. It is believed safe to 
assume that the lesser height of the plants under the blue screen is 
caused by a greater inactivation of the growth substance by the 
shorter wave lengths of radiation. It is also believed that the red 
light has some inactivating effect, although not nearly so much as 
blue-violet light. 

In the tests in which seedlings were transferred from light to dark- 
ness and from darkness to light, the plants always contained less 
growth substance after being in the light and morc^ after being in the 
dark. Although several periods of light and darkness were', used, 
results were always the same. Obviously in seedlings of this age, 
light causes inactivation of the growth substance and darkness favors 
its production or 'activity. 

SUMMARY 

This study was carried out m continuation of an earlier one 'by Popp 
and Mcllvaine. The previous work had indicated that the short 
wave-length radiation, from 250-415 m^u, inhibited the growth of 
seedlings by inactivating the growth substance in the shoot tips. 
The present work enlarges the study by showing the effect of radiation 
of wave lengths 374-720 m^. 

A number of turnip seedlings were grown and subjected to visible 
radiation and to various conditions of daylight and darkness. ITeights 
of the plants were recorded, and the amount of growth substance 
present after the treatments was determined by a modified Went 
Arena curvature technique. The effect of the shorter wave-length 
radiation on growth substance in agar was similarly determined. 

It was found that when the visible spectrum was divided in half, 
under approximately equalized energy, plants grovm under the blue- 
violet half were shorter and contained less growth substance than those 
under the red half. 

When the spectrum was divided into three parts (red, green, and 
blue violet), it was not possible under the conditions used in these 
experiments to accurately equalize energy in the visible region. Con- 
sequently, the plants under the green region were the tallest, probably 
having received the least light. Whenever a source rich in blue-violet 
rays was used, the plants under the blue violet were always the shortest 
In all cases, the tallest plants had the most growth substance and the 
shortest the least. 
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Growth substance allowed to diffuse from turnip-stem tips into 
agar was inactivated by the radiation from a mercury-vapor lamp. 

When seedlings were transferred from light to darkness and from 
darkness to light, they always contained less growth substance after 
being in the light and more after being in the dark. 

In general, these results substantiate the conclusions of the authors 
in their previous paper that the formative effect of radiation may be 
at least partly explained on the basis of the effect of radiation on 
growth substances in the plant. 
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BACTERIAL WILT RESISTANCE ANfiPtlENfiTI©-^ 
HOST-PARASITE INTERACTIONS IN MAIZE* 

By Ralph K. Lincoln ^ 

Formerly reseach graduate ansisianty Genetics Section, Iowa Agricultural Experiment 

Station 

INTRODUCTION 

Bactorial variation has been studied mainly in vitro, few investigations 
liavirig been madc^ on the effect of host passag(> on the pathogen. The 
common belief is that virnhuicc is maintained or enhaiK'od by passage 
through a host. Outstanding as a (*ritical analysis of this problem is 
the work of Wellhausiui (19),^ wdio determined the effect of repeated 
passage of Phytomonas stewartii (E. F. S.) Bergey et al.^ through re- 
sistant and sust(‘ptible lin(‘s of maize and through cc'rtain other grasses. 
Successive passage through susceptible maize decreased virulence, 
while succ(‘ssive passage through resistent maize inci*eased virulence. 

This investigation has b(‘en devised to check and ('xtend Wellhausen’s 
observations on the (dfect of the host upon ba(‘teria.l virulence and to 
determine the factors that operate to bring about such changes. The 
same organism, Phytomonas stewartiiy has been used. 

REVIEW OF LITERATURE 

Smith (14)y the first to study Phytomonas stnmrtii, considered it to 
be very stable in cidturc. In 1918 M(‘Culloch (10) reported two dis- 
tinct types of colon i(‘s, both remaining stable for at least 2 years. 
Other w^orkers (5, 6*, 22) report that atypical strains of Ph. stewartii may 
be isolated from infected soil or plants. Kecently McNew (11) isolated 
single colonies from dilution plates of virulent cultures of Ph, stewartii 
and found stock cultures to be composed of many variants as regards 
virulence. Jjater, working with 10 strains of Ph. .stewartii differing in 
virulence, McNew^ (13) found the strains also ’differed in other physi- 
o ogical reactions. Ability to use inorganic nitrogen was correlated 
positively with virulence. From studies of 22 cultures Ivanoffctal. 
(8) report that Ph. stewartii includes several types of organisms separ- 
able into 3 primary types on the basis of morphological, physiological, 
and colony characteristics. Positive correlation between amount of 
gum and pathogenicity was indicated. A similar correlation between 
consistency of growth ’on agar and vindence also was observed by 
Wellhausen (19). The cultural and physiological similarities between 
cultures of Ph. stewartii and Ph. ixiscularum have been noted by 
Ivanoff (7). 

1 Received for publication June 0, 1930, Journal paper No. O-O.'i.'i of the Iowa Agricultiiral Experiment 
Station, Genetics Section, project 404. Taken from a thesis submitted to the faculty of the Graduate College, 
Iowa State College, in partial fulfillment of the reciuirements for the degree of doctor of philosophy. The coin - 
plete thesis is on file in the Iowa State College Library. 

* The author wishes to express his appreciation to Dr. E. W'. Lindstrorn and Dr. J. W. Gowen for sugges- 
tions and criticism throughout the progress of this work. 

3 Italic numbers in parentheses refer to Lite.rature Cited, p. 238. 

. < The nomenclature of this si^cios is debatable and is hero used t o designate the nonmotile bacterium of 
Stewart that is the causal organism of bactorial wilt of maize. It is also known as Bacterium stewartii E. F. S. 
andasAplanobacterstewartii (E. F. S.) McCulloch. 
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Allen and Baldwin {!) determined the effect of repeated plant pas- 
sage of effective and ineffective strains of finding that effec- 

tive strains may become ineffective, or ineffective strains may become 
effective during repeated plant passage 

Hendrickson ct al. (4) passed the crown gall bacterium through the 
tomato, finding variation in the physiological behavior of the crown 
gall organism during plant passage, but noting no effect upon virulence. 

Webster and Clow {17) found that strains of pneumococcus vary 
widely in virulence. Serial passage from nose to nose consistently 
failed" to raise the internasal virulence of initially low vinilent strains; 
serial intcrnasal passage of strains with high initial vinilence reduced 
internasal virulence almost to zero without inducing any change in the 
interperitoneal virulence. Earlier, Webster {16) had observed that 
virulent strains of Bacterium lepisepticum may be replaced in the liasal 
passages of rabbit by relatively avinilent strains. 

With mouse Pasteurella, Greenwood ct al. {2) found avirulent strains 
arising by passage through immunized animals, whereas strains ob- 
tained from nonimmunized mice were as virulent as the original strain. 
In one instance, a virulent epidemic of mouse typhoid arose by 
emergence of a virulent variant from a relatively avirulent strain of 
Bacillus aertrycke. 

The criticism of most investigations on host passage is that host re- 
sistance has not been kept a constant, hence the cause of any bacterial 
variation is difficult to interpret. 

EXPERIMENTAL MATERIALS AND METHODS 

Host material for these virulence studies was limited largely to 
four lines of maize {Zea mays L.) inbred for at least 10 generations. 
A yellow dent line, OSF, was the resistant host, while a white flint line, 
WF, and two yellow sweet lines, GB134 and GB797, were used as 
highly susceptible hosts. GB134 was used in passage work, while 
GB797 was used for all virulence tests. 

Resistant line OSF when inoculated with virident Phytomonas 
stewartii showed characteristic lesions only on those leaves that were 
actually expanded at the time of inoculation, subsequent leaves being 
free from lesions. Stunting of the plant was slight. Susceptible lines 
GB134 and WF died soon after inoculation, usually within 2 weeks. 
With these lines the initial symptoms were the characteristic wilt 
lesions. The bacteria soon became systemic throughout the vas- 
cular system, a condition which resulted in a wilting and was soon fol- 
lowed by drying and death. GB797 reacts like GB134 or WF ex- 
cept that it is slightly more resistant and dies somewhat more slowly. 
Wellhausen {20) deteraiined the genetic basis of resistance between 
these lines as being primarily influenced by three supplementary dom- 
inant factors. 

Several cultures of Phytomonas stewartii were tested for virulence, 
and from this group 6 cultures that represented a range of virulence 
from high to low were selected for further use. As a check on their 
purity all cultures were plated, observed, and a subculture of each 
stock made of a composite of 15 typical colonies from that stock. 
After this purification the stocks were continued on nutrient dex- 

* These cultures were obtained through the courtesy of Drs. E. J. Wellhausen, S. S. Ivanofl, 0. B. Elliott, 
and 7. H. Muncic. 



Feb. 15, 1940 


Bacterial Wilt Resistance in Maize 


219 


trose agar. Cultures were transferred once every 4 weeks, allowed 
to grow at room temperature for 24 hours, and then stored in the 
refrigerator at about 5° C. Strain characteristics are summarized 
in table 1. On nutrient dextrose agar the more pathogenic strains 
form larger, more viscid or mucoid colonies than do the less patho- 
genic strains. 


Table 1 . — Grouih characters on nutrient dextrose agar of hactcrial stocks used for 

host passage 


Culture No. 

Viru- 
lence 
index > 

Characteristics of 48-hour agar plate colonies 

Diameter 2 

Consistency 

Surface 

Color 

S15 

333 

30 

45 

Microns 

l,880±12(l 

2,780±ry20 

Dry, granular . _ 

do _ 

Ilough 

- . do 

Orange yellow 

Lemon yellow. 

A87 - 

48 

0.080.-ir 1,740 
4, 400±880 
11,00()± 1,520 
6, 040il, 460 

Butvrous . 

Smooth . . 

do 

F3332 

60 

, . . do 

.. do. 

Creamy yellow. .. 

. do .. 

A14 

77 

^4ucoid - 

do. . . . 

023 - 

72 

Butyrous-viscid- 

do 

do 


Genera* 
tion time 


Hours 

2,3 

2.9 

2.0 

2.2 

1.8 

3.2 


» Virulence index =100 


Green weight of te.st ])lantsXl00 


Green weight of check plants 
» Standard deviation ealculatctl on 300 colony measurements. 


Bacteria for inoculum werti grown on agar slants for 24 hours, 
washed off into 5 cc. of nutrient broth» and without further incuba- 
tion inoculated into tost plants. Host plants were inoculated by 
injecting a small quantity of inoculum into the first nodal region of 
the plant with a hypodermic syringe. The actual amount of inocu- 
lum for each plant consists of the liquid remaining in the needle hole 
after the syringe needle is withdrawn. The percentage of infection 
was greater than 99 percent. Reisolations were made 14 to 16 days 
after inoculation, cS to 10 plants from each treatment being used. For 
colony observations, surface colonies were obtained by means of a 
poured-plate, smear technique. 

After reisolation the new passage culture was made up of a large 
number of colonies (from 50 to 100) picked at random, pooled into one 
culture, and treated like the stock cultures. 

In passage experiments, virulence was determined after two, four, 
six, and eight passages on a susceptible inbred, GB797. The test 
plants were grown in greenhouse benches. Not less than 15 plants 
were inoculated with each cidture. Each test culture was replicated 
three times and compared in virulence with the initial stock culture. 
After the eighth passage all cultures were given comparative tests 
against the stock culture and against each passage stock. An analy- 
sis of variance ( 15 ) was made to test the significance of virulence 
trends observed during host passage. 

Green weights of each block of plants were taken 14 days after 
inoculation. A virulence index was calculated as 

1 00 — weight of test plan tsX 100 
Green weight of check plants 

This index may vary from zero to 100, the index increasing as viru- 
lence of the bacteria increases. Green weight means the weight of 
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the top above the first node. Another virulence index has been used 
and described by McNew (11) and Wellhausen (19). 

The procedure in designating passage cultures has been to list the 
stock culture, the maize line through which it passed, and the num- 
ber of passages. Thus SI5-GB-8 means the culture obtained by 
passage of stock culture Si 5 through maize line GB134 for eight 
successive passages. 

EXPERIMENTAL RESULTS 

EFFECT OF SUCCESSIVE HOST PASSAGE ON THE VIRULENCE OF SIX STOCK CULTURES 

Subcultures of six stock cultures were passed successively through 
one resistant and two susceptible lines of maize. Tests for virulence 
were made after two, four, six, and eight passages. A virulence com- 
parison with the original strain was made at each test, and after eight 
passages all passage cultures were compared with each other and with 
the stock strain. The virulence of the stock culture and of the pas- 
sage strains is given in table 2. There is a pronounced trend for 
decrease of virulence after passage through the susceptible lines GB134 
and WF, and for increase by passage through the resistant line OSF. 
To such a generalization there is only one minor exception — that of 
the FB32-WF passage. 


Table 2. — Virulence indices of stock and passage cultures during eight successive 
passages through susceptible and resistant hosts 


■ 

Host line 

Host pas- 


Virulence indices of strain i — 


sages 

S15 

D3 

A87 

FB32 


A14 


Number 

1 






QB134 (su.sceptlblG).. 

0 

36 

45 

48 

60 

72 

2 77 

2 

1 27 

32 

37 

48 

52 

54 


4 

19 

16 

31 

50 

50 

45 


6 

1 21 

12 

17 

33 

41 

36 


8 

i 

10 

17 

27 

19 

29 

Difference ^ 


-18 

-35 

-31 

-33 

-53 

-48 

WF (susceptible) 

0 

36 

45 

48 

60 

72 

77 

2 

39 

41 

43 

64 

70 

62 


4 

22 

46 

37 

71 

47 

54 


6 

25 

53 

41 

68 

35 

36 


8 

19 

33 

33 

66 

28 

28 

Difference < 



-17 ! 

-12 

-16 

+5 

-44 

-49 

OSF (resistant) 

1 

0 

36 

45 

48 

60 

72 

77 

2 

45 

43 

72 

54 

78 

71 

1 

4 

i 68 

52 

fi8 

63 

68 

72 

■1 

6 

60 

61 

70 

72 

70 

71 


8 

56 

63 

67 

65 

74 

73 

Difference * 


-f20 

+18 

+19 

+5 

+2 

-4 


1 See footnote 1, table 1, and text p. 219. 

a This is a second series. In the first series the passage culture became completely avirulent apparently 
because of the culturing of a contaminant. ■•ik' 

9 Differences of less than 20 are not statistically significant. 

* Differences of less than 23 are not statistically significant. 

» Differences of less than 18 are not statistically significant. 

The Si 5 and 023 passage series are shown in figures 1 and 2 respec- 
tively, where the change in virulence during passage is a progressive 
trend beginning immediately on passage. In the Si 5 passage, the 
ultimate reduction in virulence is brought about within the first four 
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passages through the susceptible line. Through the resistant line, 
increase in virulence was most rapid in the early passages but appar- 
ently was still rising when the experiment was stopped. 



Figure 1. — Comparative virulence of S15 stock and passage strains of Phytornonas 
stewartii on a susceptible line of maize 15 days after inoculation: yl, Successive 
passage of S15 stock through susceptible host GB134; jB, successive passage 
of S15 stock through resistant host OSF. o, Check; 6, inoculated with stock 
S15; c, dy e, and/, respectively, inoculated with S15 passage strains after two, 
four, six, and eight successive host passages. 

Changes in virulence during passage were associated with changes 
in type of colony growth on nutrient dextrose-agar plates. Loss in 


Figure 2 ~ Comparative virulence of 023 stock and passage strains of Phytomoiia 
stewariu on a susceptible line of maize 15 days after inoculation: A, Successivi 
??? stock through susceptible host GB134; B, successive passagi 

successive passage of 023 stocl 
through resistant host OSP. o, <^eck; 6, inoculated with stock 023; c, d, e, anc 
/, respectively, inoculated with 023 passage strains after two, four, s x. anc 
eight successive host passages. 
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virulence is associated with a raised, firm colony. Of the four initially 
smooth cultures passed througli the susceptible host — A87, FB32, 023, 
and Al4— in only A14 was the change from smooth to rough phase 
associated with the decrease in virulence; in the otliers the colonies 
remained in tlie smooth phase, becoming drier, firmer, and more 
intensely colored. The initially rough Sl5 and D3 cultures decreased 
in virulence during susceptible host passage, and remained in the 
rough phase witivout apparent colony type changes. 

Associated with an increase in virulence by passage through the 
resistant host, was a more spreading, watery, and viscid growth of 
the colonies on agar. The change from rough to smooth was observed 
in i)assage cultures of both the initially rough stoclvs, and the increase 
in the proportion of smooth type was associated with the increase 
in culture virulence. The highly virulent Al4 and 023 cultures 
remained constant on resistant host passage; A87 and FB32 growth 
became more watery and spreading as virulence increased. 

(mANCJE OF VIRULENCE IN PASSAGE STOCKS BY REVERSING HOSTS 

To determine whether virulence of a passage culture could be 
again cljanged by reversing the host through which it passed, virulent 
strains that had been passed through resistant OSF for eiglit times 
wei'c successively passed through susceptible GB134, and sister avir- 
ulent cultures obtained after eight passages through GB134 w^erc 
passed through OSF. Six successive reverse passages through the 
new host were made, and virulence determined after two, four, and 
six passages (table 3). 

Table 3. — Change in virulence of passage culiures after the host through which the 
bacterial stocks were passed had been, reversed 


Virulence indices of strain * - 



Host 


JjLOSw iiiiu' 

passages 

1 

S15-GB 8 

1 

A87-GB--8 

023-GB-8 

A14-\VF-8 

OSF (resistant) 

Number 

0 

4 

6 

IS 

24 

41 

51 




DllTeronce * ... 


-33 

1 -49 

-51 

-31 

Host line 

Host 

passages 

S15-0SF-8 

A87-OSF-8 

i 

023-0SF-8 

A14-OSF-8 

GB134 (susceptible) . - . 

Number 

0 

2 

4 

6 

56 

43 

36 

28 

67 

52 

42 

35 

74 

50 

37 

32 

73 

65 

44 

35 

Difference » 


+28 

+32 

+42 

+38 


1 See footnote 1, table 1, and text p. 219. 

• Ditfexences of less than 16 are not statistically significant. 
3 Diilerences of less than 13 are not statistically significant. 


During these reverse passages, changes in colony type and virulence 
were similar to those described earlier. Virulence of passage stocks 
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changed as readily and as rapidly as stock cultures that had no host 
passage. 

VIRULENCE VARIATION WITHIN A STOCK CULTURE AND THE EFFECT OF 
SUCCESSIVE HOST PASSAGE ON VIRULENCE VARIABILITY 

As a furtlier test of what changes take place within a bacterial popu- 
lation, a stock culture of interinediate virulence (index 48) was selected 
to test the virulence variability initially present in the culture as 
compared with that present after eight passages through susceptible 
and resistant hosts. Culture A88, selected for tiiis purpose, had been 
held on agar slants for 3 years with no plating or host passage. One 
hundred single-cell isolates were obtained by following the plating 
method described by McNew {12). Each colony was plated succes- 
sively three times, then put on agar slants and held as a stock culture. 
Virulence tests were made in triplicate. 

It is recognized that the use of ^‘single-cclP’ cultures is commonly 
limited to cultures derived by the hanging-drop metliod. McNew {12) 
b}^ direct microscopic examination of poured plates of this species has 
shown that over 99 percent of the loci occupied by bacteria have only 
one cell, and after about 11 hours from 80 to 94 percent of these cells 
have divided, the number depending on the nutrient composition of 
the agar. Lincoln and Gowen ^ has shown that 4 ditferent strains of 
Phyiomonas stewartii are inactivated by X-rays at th(^. same gem era! 
rate and a rate typical of single particles. As regards the question 
of whether a colony originates from 2 genetically diirerent strains, 
Gowen and Lincoln ^ by plating colonies from mixed cull-ures of white? 
and yellow strains of Fh. stewartii found that only 4 colonics out of 
2,072 had originated jointly from each of the two strains in the cul- 
ture. It is further to be stressed, as McNew pointed out, that by 
making several serial platings and single-colony isolations the prob- 
ability of obtaining a culture derived from a single cell at least once? 
during this process is tremendously high. The evidence? for the plate 
method of obtaining single-cedl colonies or cultures with tlie species 
Fh. stewartii should be recognized. It is on the basis of this probability 
and evide?nce that the te?rin “single celP^ is used. 

The 100 single-cell cultures from stock A88 varied widely in viru- 
lence, most of tke colonies tending to possess the same general virulence 
as that of the parent stock (fig. 3, a). Mean virulence of the 100 isolates 
was 47 with a standard deviation of ±21. With respect to virulence 
this stock culture is a population composed of many variants. When 
such a culture is inoculated into maize, the host Is subjected to inva- 
sion by a great number of bacterial variants. If certain variants 
should be better adapted than others to the microenvironment of the 
host, selective growth would occur, changing the composition of the 
population. Such has actually been found to be the case, for after 8 
passages through the susceptible line the virulence index of the passage 
culture changed from 48 to 17, with a mean virulence index of 31 ± 16 in 
the 100 single-cell isolates (fig. 3, 6). Passage through the susceptible 


• Lincoln, R. E. and Gowbn, J. W. inactivation ratb of bacteria by x-badiation in relation to 
WAVE length, temperature, AND CELL SIZE. Manuscript. 

7 Gowen, J. W., and Lincoln, R. E. a test for sexual fusion in bacteria. Manuscript in Genet. 
Dept., Iowa State College. 
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host effected a definite shift in the bacterial population toward the 
avirulent type of organism. 

With passage through the resistant line the virulence index of the 
passage culture changed from 48 to 07, with a mean virulence index 
of 64 ±15 in the 100 single-cell isolates (fig. 3, c). 

Obviously the change in virulence of the passage cultures is due to 
a shift in the ratio of virulent to less virulent forms initially present. 
This is contrary to concepts held by certain bacteriological patholo- 
gists. For example, Wilson {21, p. 310) states: '‘When a given strain 



Figure 3. — Frequency distribution of pathogenicity of single-cell isolates of Phy- 
tomonas stewartii from a culture before and after host passage: o, Distribution of 
100 isolates from initial stock culture; 6, distribution of 100 isolates from passage 
stocks after 8 passages through susceptible host; c, distribution of 100 isolates 
from passage stock after 8 passages through resistant host. 

comprises organisms showing discontinuous variation in virulence, the 
virulence of the whole culture is similar to that of the most virulent 
variants.'' 

To test this hypotliesis, inoculating mixtures were prepared that con- 
tained different proportions of virulent and avirulent bacteria. The 
virulence index of these mixtures was tested on susceptible maize and 
compared with the index of the pure strains. As shown in figure 4, 
virulence bears a direct relationship to the ratio of virulent to aviru- 
lent bacteria. Accordingly, the proportion of virulent and avirulent 
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types in the inocuhim determines the virulence of that culture and not 
the virulence of the most virulent variant. There is no indication of 
an ^^all-or-none” reaction at any dilution in this organism. 

HOST PASSAGE OF SINGLE-CELL ISOLATES 

Progeny from single-cell stocks should be uniform for all characters 
if it be assumed that bacteria multiplv only by simple fission. In such 
a culture selection for degree of virulence should be ineffective unless 



O lO ZO 30 AO 50 GO TO 80 90 lOO 

PEOPOETION VIRULENT STRAIN IN THE INOCULUM 

Figuue 4. — Change in virulence index of inoculum composed of various propor- 
tions of virulent and avirulent bacteria. 

variation arose. A critical test of whether virulence change is due en- 
tirely to selection of existing variation or whether adaptive variation 
can arise by some other means is furnished by host passage of single- 
cell cultures. Such a test was made by repeatedly passing virulent 
single-cell cultures through both resistant and susceptible maize lines 
and determining the effect of host passage on virulence and colony 
type. 

Single-cell strains from the virulent A14 stock were passed through 
a susceptible host, but not all cultures were passed through the resis- 
tant host since previous work had indicated the lack of any noticeable 
change during passage of virulent bacteria through a resistant host by 
the technigue of host passage described earlier. Passage was made for 
six successive times, virulence tests being made after two, four, and six 
passages (table 4). 
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Table 4. — Virulence indices and observed variation of single-cell cultures from A 14 
stock after six successive host passages 


Virulence indices after host passage 


Culture and 
stock No. 

Initial 
viru- 
lence 
index ’ 

Susceptible host 

Resistant host | 

Colony variants 

Passage No. 

Differ- 
ence - 

Passage No. 

Differ- 
ence 2 

Passage 

first 

observed 

Virulence 

indices 

2 

4 

6 

2 

4 

0 

Stock culture A14 

77 

iW: 

44 

33 

-44 

75 

79 

80 

+3 

2 

29 

SiuRlG-cell cultures: 












502- { 

80 

78 

51 

42 

—38 





3 

13 

504 

83 

81 

1 74 

0.3 

-20 

79 

80 

77 

-0 

3 

43 

507 

73 

00 

31 

50. 

-17 





1 

45 

508 

84 

09 

00 

02 

-22 

75 

70 

80 

-4 

3 

48 

510 

84 

80. 

77 

03 

-21 





5 

50 

511 

82 

73 


54 

—28 






24 

512 

78 

54 

57 

49 

-29 

77 ' 

73 

79 

+1 

4 

42 

513 

81 

83 

75 

08 

-13 





3 

54 

510 

85 

58 1 

41 

24 

-01 

79 

82" 

"74 

-11 

2 

35 

517 

70 

07 

57 

53 

-17 





5 

45 

519 

71 

08 

(>3 

00 

- 5 




i 

il I None 


520 - 

82 

79 

05 

50 

-32 

77 

75 

80 

-2 

4 

39 

522 - 

83 

74 

40 

30 

-47 





2 

30 

. - . 



















* See footnote I, table 1, and text p. 219. 

Diflerenoes of less than 15 arc not statistically significant. 


Perluips tlie most striking tiling observed with these single-ceJl 
culture passages is the consistency with which all cultures that passed 
through tJic susceptible line decreased in degree of virulence, while 
those that passed tlirougli the resistant line retained their virulence 
without appreciable change. Notes on the particular passage in 
which atypical colony types were first observed arc believed to be 
significant in showing that the atypical colony type was not present at 
the beginning of the passage, and its origin, from whatever source, 
appears to be a jirocess occurring rapidly in some cultures, more 
slowly in others. In only one passage culture were atypical (rough 
mucoid) colony types observed immediately after the first passage, 
and in only one culture were atypical colonics not observed during 
the six passages. 

During passage single-cell stocks of A14 shift in virulence and 
colony typo in a manner comparable to the change of the original Al4 
stock culture. This observation somewhat parallels Hadley's (3) 
general statement on bacterial dissociation. He notes that the more 
recent work on bacterial dissociation, starting with single-cell cultures, 
is in no way different from earlier results that involved only colony 
isolations or in some cases apparently only mass inoculations. 

DIFFERENTIAL HOST SELECTION OF VIRULENT AND AVIRULENT BACTERIA 

Since certain virulent strains of Phytomonas stewartii are charac- 
terized by one type of colony and avirulent strains by an entirely 
distinct type of colony, in a mixture of these two, a morpliological 
character may be used to identify the physiological potentiality 
(virulence) of a given bacterium. In previous experiments the fact 
that host constitution plays a definite part in the degree of virulence 
ultimately attained in the oacterial population has been demonstrated. 
An expenment was designed to furnisn quantitative data on the rate 
at which change in a bacterial population takes place during host 
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passage when the initial variance of the population is defin^ly known 
and can be followed in time. ^ 

A virulent strain of Phytomonas stewartiij characterized by large, 
smooth, spreading, mucoid type colonies, was mixed with an avirulent 
strain characterized by smaller, slightly rough, raised nonmucoid 
colonies. The initial proportion of virulent to avirulent colonies was 
determined on agar plates. Such a mixture was then inoculated into 
resistant (OSF) and susceptible (GB134) lines of maize. Subsequent 
proportions of virulent to avirulent types were then ascertained by 
isolating at suitable intervals of time from the host. For each iso- 
lation, lesions from 10 or more plants were macerated together in a 
small quantity of sterile water, and about 1 cc. of this liquid put into 
broth and shaken repeatedly for about one-half hour. Dilution plates 
were then poured from this broth suspension. Surface-smeared plates 
were used, and only plates that had from 150 to 250 colonies were 
counted. Counts of all colonies were made with a binocular dis- 
secting microscope at a magnification of 10 X. Not less than 400 
colonies for any isolation, and usually 750 to 1,000 colonies, were 
counted. Thirteen such experiments were completed, an effort being 
made to get a wide range in the initial proportion of virulent to 
avirulent organisms, and to spread the experiments over several 
months, thus minimizing environmental variations. In terms of 
percentage of the virulent type of bacteria in the initial inoculum, 
the range actually obtained was from 15 to 98 i)ercent. Passage 
time ranged from 14 to 21 days. All experiments were paired, that 
is, any initial mixed inoculum was ‘always passed through both the 
resistant and the susceptible lines. In six experiments isolations were 
made 4 or 5 days after inoculation; in the others isolations were made 
only at the end of the experiment (tables 5 and fi, respectively). 


Table 5. — Progressive change in proportion of virulent type colonies during passage 
of mixed cuUure through susceptible and resistant h,osis and rate (regression) of 
change 


Date 

Initial 
propor- 
tion 
of vir- 
ulent 
type 
colon ie.s 

Susceptible host — OB 134 | 

1 Resistant host— OSF 

Proportion of virulent 
typo colonies pre..scnt 
indicated number of 
days after inoculation 

Roiircs- 

sion 

Proportion of virulent 
type C(doriies present 
indicated nuinher of 
days after inoculation 

Reures- 

sion 


5 

9 

13 

18 

6 

9 

13 

18 

Mar. 11, 1938 . 

Percent 
ij 86 
] 61 

1 24 

Per- 

cent 

80 

66 

30 

Per- 

cent 

77 

60 

32 

i 

Per- 

cent 


-1.06 

-.76 

-.23 

Per- 

cent 

85 

66 

33 

Per- 

cent 

86 

(54 

43 

Per- 

cent 

86 

71 

46 

Per- 

cent 

89 

76 

61 

-fO.24 

-f.82 

+1.{K1 


26 

Date 

; Initial 
propor- 
tion of 
viru- 
lent 
type 
colonies 

Proportion of virulent 
type colonies pre.sent 
indicated number of 
days after inoculation 

Regres- 

sion 

Proportion of virulent 
type colonies present 
indicated number of 
days after inoculation 

Regres- 

sion 

6 

10 

15 

21 

6 

10 

15 

21 

May 22, 1988 

Percent 
[ 08 

1 72 

1 24 

Per- 

cent 

99 

73 

26 

Per- 

cent 

02 

67 

30 

Per- 

cent 

82 

60 

21 

Per- 

cent 

79 

57 

20 

-0.96 

-.75 

-.20 

Per- 

cent 

06 

76 

26 

Per- 
cent 
08 
i 80 

34 

Per- 

cent 

09 

86 

56 

Per- 

cent 

00 

89 

68 

+0. 06 
+. 75 
4-2.20 
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Table 6. — Change in 'proportion of virulent type colonies after passage of mixed 
cultures through the resistant and susceptible hostf with average daily rate of change 


Date 

i 

... _ 

Duration 
of pas- 
sage 

Initial 
proportion 
of virulent 
type 
colon ie.s 

Susceptible host OB134 

Resistant host OSF 

Proi)ortion 
of virulent 
type 
colonies 

^ o o 

o 

Proportion 
of virulent 
typo 
colonies 

Average 
daily rate 
of change 
(slope)* 

J938 

JMys 

Percent 

Percent 


Percent 


Mar. 15 

14 

1 65 

40 

-1.96 

72 

+0. 55 

Do 

14 

1 85 

fW 

-1..33 

88 

+.22 

Apr. 1 

19 

! 41 

28 

-.72 

54 

+.72 

May 8 

14 ■ 

: 80 

03 

-1.30 

80 

+.49 

Do 

14 

i 28 

21 

-.52 

:i8 

+.73 

May 22 . 

20 

65 

49 

-1.45 

79 

+. 74 

Aug. 5 . . 

15 

1 

8 

-,.50 

37 

+1.49 


' Fipun^s in this cnliimn represent m in the formula for a straight line between 2 points, 


Strains of Al 4 and Si 5 wore used for most of the mixed culture work. 
These w^ere j)artieularly favorable because they represented extremes 



Figure 5. — Effect of host passage on proportion of virulent to avirulent bacteria 
in mixed culture inoculations: a, Susceptible host; b, resistant host. Figures 
denote regrt^ssion coefTicients in short experiments. 


of virulence, were verj- stable in culture, and were distinct in colony 
morphology. 

There is a highly significant positive correlation of r=0.95 between 
the ratio of virulent and avirulent bacteria in the inoculating suspen- 
sion and that obtained by isolating from the first definite lesion on the 
leaf, showing tliat bacteria that actually grow and produce a diseased 
condition are reliably estimated by plating directly from the inocu- 
lating medium. 

As shown earlier («9), upon passage of the rnixed cultures through the 
susceptible host there is a differential selection favoring the avirulent 
type of bacteria. Figure 5, a, shows this change in an inoculum with 
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an initial proportion of 90 virulent to 10 avirulent bacteria decreasing 
during passage through the susceptible host to 15 virulent and 85 avir- 
ulent bacteria. The whole sweep of this reaction is curvilinear, appar- 
ently asymptotic to the replacement of the virulent type by the 
avirulent. Because of the early death of the susceptible host the full 
reaction is not expressed in any one experiment, but this curve is built 
up from the short experiments given in tables 5 and 6, in which the 
initial proportion of virulent to avirulent bacteria varied between 15 
and 98 percent of the virulent type. 

When passage is made through the resistant host there is a differ- 
ential selection for the virulent type. Figure 5, 6, shows the increase 
in the proportion of virulen t bacteria during passage through the resist- 
ant host. Curves a and h were determined in a comparable manner, 
differing only in direction of change. 

To test the conclusion that rate and direction of selection arc de- 
pendent upon host resistance, the same technique and bacterial stocks 
were used in experiments in which 14 new maize lines with difl'erent 
degrees of resistance were employed as host. Host resistance as rated 
by Wellhausen {18) ranges from 1 to 5. One represents a degree of 
resistance in which there is no noticeable stunting of the inoculated 
plants and 5 represents extreme susceptibility, plants dying in 10 to 20 
days after inoculation with a virulent strain of bacteria" Ratings 2, 3, 
and 4 are intermediate stages. Data on change in the proj)ortion of 
virulent bacteria after passage, together with the rated resistance of 
each line, are given in table 7. 


Table 7.* — Change in proportion of virulent type colonies after passage through 
various maize lines of known resistance to Phytomonas stewartii^ with average 
daily rate of change 




Test 1 

, 19-day passage 

Test 2 

, 21-day passage 

Maize line or cross 

Resist- 

ance 

of 

line 1 

Proportion of 
virulent type 
colonies present 

Average 
daily 
rate of 

Proportion of 
virulent type 
colonies present 

A verage 
daily 
rate of 



Initial 

Final 

change 
(.slope) 2 

Initial 

Final 

1 

fi 

w 



Percent 

Percent 


Percent 

Percent 


aB134 

5 

41 

28 

-0.7 

65 

49 

-0.8 

887.. - 

5 

41 

24 

-.9 

65 

47 

-.9 

Sto 

5 

41 

33 

-.4 

65 

31 

-1.6 

WF 

5 


23 

-1.0 

65 

45 

-.9 

0540 - 

4 

41 

30 

-.0 

65 

56 

-.4 

Me... - 

4 




65 

60 

-.2 

1339 

Idt - 

3 

3 

41 

36 

' -.‘ 3 “ 

65 

65 

60 

63 

-.2 
— 1 

CL - 

2 

41 

43 

+. 1 

65 

68 

+!l 

BM 

2 

41 

19 

' -1.2 

65 

33 

-1.5 

PR 

1 

41 

56 

-f.8 

65 

71 

4-. 3 

MK - 

1 

41 

52 

+. 6 

65 

83 

+.9 

TR. 

1 

41 

63 

4-1.2 



OSF..,. 

MK X OSF - 

1 

1 

41 

5t 

4-. 7 

65 

66 

79 

91 

+.7 
+1 2 

OSF X GB134 

1 




65 

79 

-f.7 


1 Kesistanceas indicated: 1, Highly resistant; 2, resistant; 3, intermediate; 4, susceptible; 5, highly suscep- 
tible. (From Wellhausen as).) 

> See footnote 1, table 6. 


It is again apparent that direction and rate of change in proportion 
of virulent bacteria during passage are dependent upon host resist- 
ance. There is aingh correlation between host resistance and rate and 
direction of change in the bacterial population. The direction of 
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change in all lines of intermediate to low resistance (susceptible) — 
rates three, four, and five — is toward a lower proportion of virulent 
organisms. In resistant lines (rating one or two) the direction is 
toward a higher proportion of virulent organisms. One exception to 
this is noted- “that of BM, a resistant earlj^ sweet corn inbred from 
the Black Mexican variety. This resistant line gave a selective re- 
action similar to that of a highly susceptible line. An explanation 
is not available at present 

Another test of host selection is to vary the virulence of the bacte- 
ria in a mixed culture used to j udge selection rate and direction. Each 
of 7 bacterial stocks with virulence index ranging from 14 to 80 was 
mixed with a common avirulent stock (Si 5), passed through the same 
hosts (GB134 and OSF), and the direction and rate of change in the 
bacterial mixture determined. 

All bacterial stocks were chosen botli for a colony type and virulence 
that were very different from SI 5 stock. Of the stocks used, Si 5 
and A14 have already been described. RM is a rough mucoid variant 
observed to arise from A14 during passage through the susceptible 
line. All other stocks were selections from the ASS experiment, the 
summarized data of which were presented in an earlier section. The 
techni(iue of mixed culture selection is the same as that described 
earlier. Si 5 stock was used as the standard by which selection was 
judged, that is, the common stock with which all other strains were 
mixed. Results are presented in table 8. The degree of virulence 
was determined on GB797. 


Table 8. — Change in proportion of SI/) type hacleria dvring 16-day passage throngh 
snsceptihle and resistant host and average daily rate of change 



Virulence 
index i 
of [Hire 
(nilture 

Initial 

Susceptible host. 
01034 

Resistance host, OSF 

stock mixed with S16 

yiropor- 
tion of 
Slf. 

bacteria 

1 Propor- 
tion of 

SI 5 

Average 
daily 
rale of 
change 
(sloi)e) 2 

1 

Pro[)or- 
tion of 
S16 

A verage 
daily 
rate of 
change 
(slope) * 

S15 

30 

Percent 

Percent 


Percent 


11 

80 

64 

m 

+0.9 

39 

-i.o 

A14 

76 

hi 

68 

+ .7 

41 

-1.1 

93 

(i3 

50 

60 

-b .6 

38 

- .8 

83 .. 

66 

45 1 

60 

1- .3 

40 

- .3 

RM 

48 

62 i 

68 

-1- .4 

57 

- .3 

47 . 

37 

42 

44 

+ .1 

40 

- .1 

16 

14 

48 : 

4r, 

- .2 

53 

+ .3 


1 See footnote 1, table 1, and text p. 219. 

2 See footnote 1, table 6. 


Direction and rate of change in the Si 5 type organism when passed 
through a common host (OSF or GB134) are both dependent upon 
the virulence of the bacterial strain with which it is mixed. The 
more extreme the virulence of the variant with which SI 5 is mixed, 
the more rapid the shift in the bacterial population. On passage 
through the susceptible line, selection was in favor of Sl5 when the 
variant with which it was mixed was more virulent; against SI 5 when 
the second strain was less virulent. In the resistant host, OSF, the 
converse was true. The experiment >vas not repeated since tlie results 
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are consistent and entirely comparable with the more extended 
Sir)-Al4 mixtures. 

These experiments, in which host resistance and bacterial virulence 
were varied, show that during host passage the direction and the rate 
of change of virulent and avirulent bacterial types in a population 
are dependent upon both host resistance and bacterial virulence. 
Where either resistance or virulence is held constant such a change 
is a direct function of the other; where both may vary, as would be 
be true hi a natural population, the change is due to an interaction 
of both variables. 

NATURAL RATE OF MUTATION IN PHYTOMONAS STEWARTII 

In preceding sections data have been presented showing that by 
host passage a change m virulence of bacterial populations is brougJit 
about, the direction and rate of this change being dependent upon 
host resistance and bacterial virulence. Where the initial inoculum 
origmated from several colonies it has been shown that such cultures 
are composed of bacterial variants with different degrees of virulence 
(A88 experiment). For such cases selection explains the known 
facts of virulence change. Wlum single-cell cultures are used (as 
was done with A 14 stocks) some origin for tlie variability upon which 
selection works must be postulated. Since mutation is one known 
method for emergence of variability, it is important to ascertain 
whether mutations actually occur, their frequency, and the nature 
of such mutations. 

All strains of Phytomonas stewartii used for mutation work were 
purified genetically by repeated single-celling. Agar colonies from 
such cultures wore extremely uniform as to color, size, shape, and 
surface character. Bacteria from a single colony were iised to inoc- 
ulate 10 cc. of nutrient broth, a single, different colony being used 
for each tube of broth. These tubes were incubated at 27° C. for 
18 to 20 hours, shaken repeatedly, diluted, and plated. Plates were 
incubated at room temperature for 3 days, then exammeeJ under a 
binocular dissecting microscope at 16 diameters. The total number 
of colonies was estimated by counting one-tenth of the area of a 
representative number of plates poured from each tube. Each ob- 
served variant was put into broth, replated, and the variant characters 
rechecked on tlus subplate before it was considered that a mutation 
had occurred. 

For calculation of the maximum mutation rate the total number of 
colonies under observation was divided by the number of mutant 
colonies observed. This is considered a reasonable procedure since 
after a mutation arose, that mutant would increase in some ratio 
to the parent stock, the actual number of mutants observed depend- 
ing upon the cell generation in which the mutation had originated 
and whether the mutation had originated in more than one cell. 
For the minimum mutation rate it has been assumed that a given 
mutation arose only once in a given tube, and repeated observations 
of that nautant merely indicate its later growth. For interpreta- 
tion of these data it must be remembered that most variables tend 
to keep the mutation rate at a minimum. 

Stock Sl5 and two color variants derived from this stock have 
been used to determine the mutation rate of characters distinguishable 
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from the normal strain by colony type and color. This stock was 
chosen because it was characterized by rough, raised, dark-yellow, 
small colonies that remained distinct and individual even when the 
colonies were crowded on agar plates. The small colonies of this 
strain allowed many more colonies per plate than any of the larger 
spreading typos. Stock 101 is a pale-yellow derivative from Sl5, 
appearing to vary from the parent only in color. Stock 105 is a 
white derivative from 815. 


Table 9 . — Natural rriutaiion rale of three strams of Phylomonas stewartii after 
18 hour growth in nutriejit broth ^ 


Bacterial strain, number of 
tubes containing mutants, 
and rate of mutation 

'Jhibes 
treated 
as units 

Total 

colo- 

nies 

ob- 

served 

Mutant colonies observed of type indicated 

Dark 

yel- 

low 

Pale 

yel- 

low 

White 

R2 

R3 

R4 

Smooth 

Sec- 

tored 



Thou- 

.Vw.w- 

Xum- 

Xuni‘ 

X urn- 

Xum- 

Xum- 

Xurn- 

Num- 


Number 

sawf/.v 

ber 

ber 

ber 

ber 

ber 

ber 

ber 

ber 

SIT) (dark yellow, rough)-.- 

15 

836 


28 

8 

4 

1 


41 


Number of tubes in which 











mutation was observed . . . . 




13 

6 

2 

1 


11 


Maximum rate of mutation 











per million individuals . . 




33 3 

9.6 

4.8 

1. 2 


49.0 


Minimum rate of mutation 











per million individuals 




15.5 

7.2 

2.4 

1 2 


13.2 


101 (pale yellow, rough) 

20 

1,645' 

160 


281 

13 


3 

15 

8 

Number of tubes in which 











mutation wa.s oliserved 



17 


5 

11 


2 

9 

8 

Maximum rate of mutation 











per million individuals 



97.3 


170.8 

7.9 


1.8 

9.1 

4.9 

Minimum rate of mutation 











per million individuals 



10.3 


3.0 

0.6 


1.2 

5. 5 

4.9 

105 (white, rough) 

10 

I" '"620 

1 



1 





Number of tubes in whi(!h 








1 



mutation was observed. . 






1 

1 




Maximum rate of mutation 











per million individuals . . . 


1 




1.6 





Minimum rate of mutation 











per million individuals 


1 1 

1 



1.0 







1 









> Complete tables in unpublished doctorate thesis. Lincoln, R. E. rksistance to jiactkbtal wilt 

I’ATIIOOEN OF MAIZE ANO GENETIC HOST- PARASITE INTERACTIONS. 1939. 


Mutation rates in the three stocks are given in table 9. Perhaps 
the most striking observation is the difference in rnutation rates of 
the three stocks, the rate in the white stock being much lower than in 
the yellow stocks. Within the yellow stocks, usually tlie same char- 
actei*s were observed to vary, yet cficli stock yielded a tvpe of varia- 
bility not found in the other stock. The color mutations are inter- 
esting in showing that there are different intensities of yellow and 
that certain characters are more stable than others. Thus the muta- 
tion dark yellow to pale yellow and the reverse mutation — pale yellow 
to dark yellow — occur about equally often, whereas dark yellow mu- 
tates to white more readily than light yellow mutates to white. White 
is extremely stable, the mutation of white to yellow never having 
been observed. An examination of the different ‘‘rouglP^ colonies 
shows that there are no fewer than four distinct and different types. 
These rough types have been designated as Rl, R2, R3, and R4; Rl 
being the parental type in all three stocks used. The mutants classi- 
fied as ‘‘smooth’' probably are really several different smooth-type 
mutations rather than the same mutation in all cases. Because of 
the relation of smoothness to virulence, these smooth mutations are 
particularly significant. 

280004—40 8 
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The mutations are apparently stable from the time of origin. A 
pure culture of the variant type can be obtained directly from the var- 
iant colony, no type of segregation having been observed. Muta- 
tions arising as sectored colonies are apparently the same as mutations 
observed as entire colonies. Mutation in one character does not cause 
a mass mutation, for only one character has been observed to mutate 
at a time. Thus a colony having a color mutation is not morpholog- 
ically different from the parent stock. Tliis fact and the occurrence of 
reverse mutation suggests that the mutations observed are not ‘^loss^^ 
type mutations such as would be occasioned by a chromosome defi- 
ciency. These variants may be point mutations in the genetic sense. 
Their mutation rates of 1 to 20,000 to 800,000 are not different from 
the known rate of many genes of liigher organisms. 

The term ‘ ^mutation/' rather than dissociation has been used be- 
cause the observed variations are stable, heredi table, and transmissible 
from parent to daughter cell. Such variant characters are stable 
under a variety of environments. The change from darli-yellow to 
pale-yellow colony color is one diffcidng at least in quantity of pigment 
while the white form lacks all carotenoid pigment (unpublished data). 
Experimental evidence for mutation is fiinnshed by Lincoln and 
Gowen,® who obtained all the variants observed in this work as well as 
additional variation after treatment of this stock with X radiation. 
Rate of mutation after treatment with X radiation was much higher 
than the natural mutation rate given in this paper. 

Since it was of particular interest to the interpretation of virulence 
change by host passage, several mutations observed to arise in ped - 
gree cultures were tested for virulence. This was the only physio- 
logical test made of these variants. A single, unreplicated test was 
made. The virulence of each variant was compared with that of the 
type stock from which it arose (table 10). 

Table 10. — Virulence indices of mutants from R1 type stock 


Source and culture No. 

Variant type 

Viru- 
lence 
index ‘ 

Source and culture No. 

Variant type 

Viru- 
lence 
index • 

From S16 stock (dark 



From 101 stock (pale 



yellow) ; 

1 


yellow): 



Parental type 

R1 

29 

Parental type 

RI-. 

31 

456 .. . . .... 

Smooth ... 

48 

409-. 

Smooth 

17 

459 

do - 

43 

446-- 

do. - 

48 

461 

do 

53 

438-. 

R2 

25 

462 

do 

36 

414 

R4 

46 

466 

.do.... 

13 

From 105 stock 



473 

do... 

47 

(white): 



487 

do 

56 

Parental stock 

Rl 

45 

454 - . . 

White B1 ... 

49 

422 

R2.. 

1 34 

4.55 

do 

56 

480 

R3 

17 

401 

Pale yellow Rl.. 

51 




407 

do. 

31 




474 

R2 

36 





1 See footnote 1, table 1, and text p. 210. 

Stocks from which these mutations arose were all rough tvpe (like 
S15). All mutations except those marked smooth are still in the 
rough phase. The increase in virulence discovered in most of the 
smooth mutations is important and is consonant with results in pas- 

* Lincoln, R. E., and Gowen, ,T. W. production and rate of mutation in phvtomonas stewartii by 
X radiation. Manuscript. 
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sage cultures. The exceptions need further study. It seems possible 
for virulence to be high or low in either the rough or smooth phase. 

The demonstration of mutations in Phytomonas stewartii furnishes a 
source of variability great enough to account for the variation in viru- 
lence and colonjr type observed after host passage. Tliis is particu- 
larly important in accounting for changes observed in single-cell cul- 
tures during host passage. 

EXPERIMENTS FOR TESTING SEXUAL FUSION IN PHYTOMONAS STEWARTII 

If bacteria have sexual fusion then recombination and segregation 
of characters would be possible. This guestion is fundamental to an 
interpretation of tlie virulence changes in this investigation. Gowen 
and Lincoln ® have presented data on a technigiie which furnishes a 
certain type of information on this point. They grew in mixed 
broth cultures pure white and yellow strains of Phytomonas stewartii, 
plated from these mixed cultures at intervals, and replated from 
single colonies to observe possible segregation. If fusion and segre- 
gation were common, some of the colonies should segregate for both 
yellow and white colonies. There was no evidence of such segregation 
from their data. A possible limitation of their work is that only 
three repeatedly single-celled yellow cultures were tested against a 
white culture. If bacteria were of + and — strains the probability 
of testing unlike strains by this method would not be veiy high. 
Environmental conditions may also play an important part in repro- 
ductive processes. To correct for these two possible limiting factors 
and to collect more data by this teclmicpie, seven cultures that had 
been carried in stock without host passage or single celling were mixed 
with the white stock and passed through a resistant and a susceptible 
host. After 20 days’ growth in the liost, isolations were made and 
agar colonies plated (table 11). 


Table 11. — Colonies after ‘20 days^ host passage of mixed cultures of white and 
yellow bacteria plated to test for sexual fusion of white and yellow cells 


Yellow stniin with which white S15 
variant was mixed 

Single colonies plated 

Plates showing 
yellow and white 
<!oloni(5s from — 

Susci'ptihle host 

Resistant host 

Y ellow 

White 

Yellow' 

White 

Y ellow 

White 


Number 

Number 

Number 

Number 

Number 

Number 

A14.... 

135 

22 

1G4 

27 

2 

0 

023., .... 

218 

25 

160 

15 

2 

0 

A87 

100 

5 

' 112 

5 

0 

0 

S15 

157 

18 

103 

12 

1 

0 

FB32 

120 

10 

84 

10 

4 

0 

D3 .. 

62 

0 

49 

0 

0 

0 

Total 

792 

80 

672 

69 

9 

0 


A few yellow colonies showed segregation for white. Further 
plating from these yellow colonies did not show any segregation. 
This would be expected if the original colony started from two bacteria, 
one white, the other yellow. There is no indication of sexual fusion 
that may be determined by this method with any of the stocks used. 


* See footnote 7. 
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Such being the case, it seems unimportant whether a culture is derived 
from a single cell at the time the culture is taken or whether the 
culture is made from a group of cells one or two generations removed 
from a common cell since variation would be limited to such processes 
as mutation or somatic segregation. 

DISCUSSION AND CONCLUSIONS 

The opinion prevalent amon^ bacteriologists is that host passage 
maintains or increases bacterial virulence. Recently Wellhausen 
{19) showed that the genetic constitution of the host is important, 
in determining whether bacterial virulence is enhanced, maintained, 
or decreased. 

This was verified in the present experiments by y)assing several 
stocks of Phytowonas stewartii through numerous lines of maize. 
Six stocks of bacteria were successively passed through inbred resistant 
or susceptible hosts. The results, with minor exceptions, prove 
that successive passage through susceptible lines decreases virulence, 
while passage through resistant lines increases the virulence of bacterial 
stocks. 

More important, the virulence of 13 single-celled virulent stocks 
was decreased by passage through the susceptible host. Passages 
of these stbeks through the resistant host maintained their virulence. 
The virulence of single-cell cultures changes in a manner compar- 
able to that of stock cultures during host passage, although at a slow- 
er rate. 

Vinilence changes in mass cultures may be due entirely to host 
selection of variations known to bo present. Quantitative proof of 
such differential host selection was obtained by inoculating suscep- 
tible and resistant hosts with mixtures of virulent and avirulent 
bacteria of known proportions, and at suitable intervals determining 
the direction and rate of change in the proportion of types. It is 
concluded that direction and intensity of selection for virulence change 
is largely dependent upon the resistance or susceptibility of the host. 

Host passage of 13 single-cell cultures furnishes critical proof that 
adaptive variation does arise by some means and is subsequently 
selected. 

The mutation rate for colony morphology and color was deter- 
mined in nutrient broth on three bacterial strains. The mutation 
rate of characters studied was entirely comparable with mutation 
rates of genes determined experimentally in higher forms. Since 
evidence for sexual fusion in this species is entirely negative, mu- 
tation is probably the chief, perhaps the only, source of variation 

Mutation and natural selection within the host have been shown 
to be two important agencies in bringing about observed changes 
in bacterial virulence during host passage. In this respect the mech- 
anisms for the evolution of bacterial virulence are not greatly differ- 
ent from those in higher organisms. 

Considering the large number of individuals and generations pos- 
sible in a few days of bacterial growth, combined with a mutation rate 
comparable to that in higher forms, it is entirely possible that selec- 
tion processes in the microenvironment of the host are capable of ef- 
fecting the observed changes in virulence of this pathogen. 

Virulent bacteria kill the susceptible host in 10 to 15 days but only 
stunt the resistant host; avirulent bacteria stunt the susceptible host, 
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but in the resistant host soon become limited to a few early lesions. 
Successive passage of a bacterial stock through either the resistant or 
susceptible host effects a change in virulence of the bacteria to a point 
where that host is stunted noticeably but not killed. The host does 
not eliminate the parasite by outgrowing it. Once this virulence con- 
dition is reached, further host passage does not cause an appreci- 
able change in virulence. Over long periods of time selection with- 
in the microenvironment of the host would be toward such a point 
of equilibrium. 

SUMMARY 

Six stock cultures of Phytornonas stewartii were successively passed 
through resistant and susceptible inbred lines of maize. Passage 
through the susceptible host decreased virulence, while passage through 
the resistant liost increased virulence. 

Change in virulence during passage was correlated with changes in 
colony growth on agar plates. Loss in virulence was always associated 
with a- raised, firm type of colony but not necessarily with a change 
from the smooth to the rough phase. With an increase in virulence 
the colonies became more spreading, watery, and viscid. The change 
from rough to smooth and from smooth to rough was observed during 
passage. 

Virulence of passage stocks could again be changed by reversing the 
host through which these stocks were passed. 

Single-cell colonics from an old stock culture show that it is composed 
of many variants differing in virulence. Successive passage of this 
stock culture through susceptible maize decreased the proportion of 
virulent variants, wliile passage through resistant maize increased the 
proportion of virulent variants. 

Virulence of a culture is a direct function of the proi)ortion of vir- 
ulent and avirulent organisms present in the culture. 

As in stock cultures, virulent single-cell cultures lose virulence by 
passage through the suscei)tible host, while passage through the resis- 
tant host maintains high virulence. 

Mixtures of virulent and avirulent bacteria of known proportions 
were inoculated into susceptible and resistant hosts, and the change 
in the proportions of bacteria followed at given intervals of time. 
There was differential selection for the avirulent type in the suscepti- 
ble host and for the virulent type in the resistant host. With 1 
exception this was true for 14 lines and 2 crosses of maize. Both rate 
and direction of change are functions of host resistance and bacterial 
virulence. 

After 18 hours^ growth in nutrient broth the mutation rate of colony 
(jolor and colony morphology was determined on three bacterial strains. 
The mutation rate of these characters is of the same order as the known 
mutation rate of the genes in higher forms. The calculated mutation 
rate ranged from 1 in 20,000 to 1 in 800,000 individual cells. 

The vu-ulence of the mutations varied greatly from the virulence of 
the parent stock. Both increases and decreases in virulence were 
noted. 

Sexual fusion of white and yellow strains of Phytornonas stewartii 
in the living host could not be demonstrated experimentally. 
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RELATION OF THE NEAR-WILT FUNGUS TO THE 
PEA PLANT ^ 


By W. J. Virgin, formerly research assistant, and , 1 . C. Walker, professor of plant 
pathology, Wisconsin Agricultural Experiment Station ^ 

INTRODUCTION 

Near- wilt of pea (Pisuin sativum L.) was first described by Snyder 
{5)} Later Snyder and Walker (7) defined the causal organism of 
the disease as Fusarium oxyspormn Schlect. f. 8 Snyder. Snyder 
{6\ p. 458) also reported that vasinfectum Atk. var. pisi Van Hall, 
one of the organisms involved in the complex St. John’s disease in 
Europe, is synonymous with F, oxysporum f. 8. Appel (I), many 
years before Snyder described near-wilt in the United States, found 
that germination was reduced when healtliy seed of field peas was in- 
oculated with a spore suspension of F. vasinjectum var. pisi. Snyder 
and Walker (7) reported that small rootlets of near-wilt-infected pea 
plants may show evidence of decay, and in some cases may be rotted 
away, but that in general the root and foot of the plants are free of 
any conspicious decay of the cortex. There may be, however, con- 
ditions of infection which favor invasion of the cortex, and symptoms 
of root rot attended by a slight discoloration of the cortical tissues 
inay be detected. Virgin and Walker {10) found that there was a 
distinct coincidence between the appearance of near-wilt and the be- 
ginning of the blossoming period. Starr (8), working in Minnesota 
with a Fusarium wilt of pea, found the causal organism to be seed- 
borne and the fungus to be present in the seed coats but not in the 
cotyledons. 

The purpose of the investigation reported in this paper was to study 
the mode of entrance of the near-wilt fungus into the host, the course 
of the pathogen after penetration, its effect on the host, and the possi- 
bility of the organism being seed-borne. 

MATERIALS AND METHODS 

The following varieties of peas were used in this study: Wisconsin 
Perfection, Wisconsin Early Sweet, Dwarf Wliite Sugar, Alaska, Prince 
of Wales, Penin, Senator, all very susceptible to near-wilt, and Rogers 
K, a variety possessing decided resistance to the disease. The fungus 
used throughout the investigation was from a culture isolated by the 
writers and identified as Fusarium oxysporum f. 8 by W. C. Snyder of 
the University of California. 

Peas were germinated aseptically; and when' the radicles were about 
an inch long, they were placed in contact with the near-wilt fungus 
which was growing on potato-dextrose agar. These peas were left 


1 Received for publication July 31, 1939. Joint contribution from the Departments of Plant Pathology 
of the University of Idaho and of the University of Wisconsin. Research Paper No. 182, of the Idaho Agri- 
cultural Experiment Station. 
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for different lengths of time before being fixed and sectioned. Other 
pea radicles were placed in contact with the fungus for various lengths 
of time and then transferred to a moist chamber and suspended on a 
mesh screen. At suitable intervals they were removed, placed in 
a fixative, and were later sectioned. Peas were planted in sterilized 
sand which had previously been infested with the near-wilt fungus, 
and when the seedlings were 5 to 8 days old, they were removed and 

f )lated out on acidified potato-dextrose agar in order to determine the 
ocation of the fungus. Stems from plants that were dying from the 
disease were also fixed and sectioned. 

Seeds of the variety Wisconsin Early Sweet which had been surface- 
sterilized were planted in sterilized sand, but before they were covered 
they were sprayed with a heavy suspension of inacroconidia of the 
near-wilt fungus. After 7 days the affected seedlings were removed, 
washed thoroughly, and plated out on potato-dextrose agar without 
being surface-sterilized. 

The fixative used, consisting of two solutions, A and B, was a 
combination of Bouin’s fluid and Karpechenko’s modification of 
Navasliin’s solution. Solution A, containing 100 cc. of water, 1 gm. 
of chromic acid, and 4 cc. of glacial acetic acid, was saturated with 
picric acid. Solution B consisted of formalin. Two parts of solution 
A were mixed with 1 part of solution B just before using. 

The process of dehydration and infiltration with parafFin was carried 
out according to the schedule given by Rawlins (S, j). 21) y in which 
cedar oil was used following a ser4es of alcohols of various concentra- 
tions up to 95 percent. For mature pea stems, which were quite 
woody, butyl alcohol was substituted for ethyl alcohol after the 
material had been brought to 70-percent concentration. Sections 
were cut 8 to 15 m in thickness. The material was stained with Dela- 
field^s haematoxylin followed by orange G in 95-percent alcohol. 

For seed-transmission studies, peas were grown in near-wilt- 
infested soil. The vines were supported on trellises to prevent the 
pods from coming in contact with the soil, and seed was harvested 
from plants that survived. Seed was also collected from diseased 
plants grown on naturally infested soil. Both lots of seed were 
planted in soil known to be free from the near-wilt fungus. For 
isolation of the organism from the seed the latter was sterilized by 
placing in 70 percent alcohol for 30 seconds and then in a solution of 
sodium hypochlorite (B. K. 1-10) for 10 minutes. The seeds were 
then soaked in sterile water for 4 hours to facilitate si^arating the 
seed coat from the cotyledons, and the various parts weriS then placed 
on plates of potato-dextrose agar. 

EXPERIMENTAL RESULTS 

PENETRATION 

The near-wilt fungus was found to penetrate the young pea seed- 
ling most commonly at the root tip and the cotyledonary node. 
Penetration occasionally took place at vpious points along the root 
and epicotyl and sometimes at the powing point of the latter. No 
noticeable differences were observed in the penetration of the very 
susceptible variety, Wisconsin Perfection, and the resistant variety, 
Rogers E. 
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Repeated platings of 5- to 8-day-old seedlings grown in near-wilt- 
infested sand showed the location of the fungus at the cotyledonary 
node and the root tip. Jn order to make sure that the fungus did 
not enter at other points and when plated out on agar grow out at 
the cotyledonary node, 
some of the seedlings were 
cut in small pieces and 
plated. Many of the seed- 
lings showed infection only 
at the cotyledonary node 
(fig. 1, A)f others at the 
root tip, and some at both 
places (fig. I, B). Occasion- 
ally in some of the seedlings 
plated, the fungus was found 
at the tip of the epicotyl 
(fig. 1, CT), and in others it 
was found to grow out 
along the epicotyl a short i 
distance above the cotyle- * 

donary node (fig. 1, D). , 

Th(^ fungus accumulated 
in a mass on the root-cap 
cells (pi. 1, A), wdiere the 
hyphae penetrated between 
the cells and soon entered 
the embryonic region. Inter- 
cellular preceded intracellu- 
lar penetration in this re- 
gion, but the reverse order 
frequently occurred in older 
tissues. After the organism 
had gained entrance into 
the meristematic region, it 
progressed with little diffi- 
culty through the region of 
elongation into the xylem Ficuhe 1.— Platings of ir^cedliugs grown in near- 
vessels of the young root. wilt-infested sand: 5-day-old Rogers K 

Very often the entire root seedling showing location of organism at the 

tip was so thoroughly in- cotyledonary node; B, a similar seedling 

vaded that it was impossible showing location of infection at both the root 

fo distino-iiisli thobost tissue cotyledonary node; C, 5-day-old 

to djstinguisll ttie nost tissut Perfection seedling showing loca- 

^ fungus mass. fungus at 'the growing point of the 

ihe near-Wllt lungus was epicotyl; />, a similar seedling showing loca- 
able to penetrate the root tion of infection in the epicotyl and at the 
at poiprto other than the cotyledonary node, 
root tid’ and cotyledonary 

node. When a mass of mycelium accumulated at some point along 
the root, the hyphal threads soon penetrated the epidermis and 
cortex both intercellularly and intracellularly (pi. 1,5). The fungus 
progressed up and down the cortex as it made its way inward to 
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the stele (pL 1, C), where it entered the xylem elements by way of 
the pits. 

Seedlings resulting from the seed that was sprayed with a suspen- 
sion of macroconidia were rotted at the cotyledonary region and for 
some distance below it. The near-wilt fungus grew out abundantly 
from the rotted area, indicating that the organism had thoroughly 
penetrated the cortex. No other organisms were present. 

Infection in lateral roots took place similarly to that in primary 
roots. Penetration was not observed whore the emerging secondary 
root ruptured the cortex and epidermis. 

SUBSEQUENT DEVELOPMENT OP THE FUNGUS AND THE EFFECT ON ITS HOST 

After initial penetration the organism soon made its way both intcr- 
cellularly and mtracellularly to the stele of the root. Some devclop- 
mejil^f the fungus occurred in the cortex, occasionally causing com- 
plele disintegration and a consequent seedling rot. Upon entering 
the stele the organism was confined there until the advanced stage of 
the disease developed. The fungus was found in both large and small 
xylem vessels, and it was through these that the organism made its 
upward advance from the point of infection (pi. 1 , D and E). Progress 
from one vessel to another took place through the pits. Many of the 
xylem vessels became completely plugged with hyphae, and micro- 
conidia were frequently observed in some of the larger vessels. 

The fungus was found to progress the entire length of the stems in 
many of the susceptible varieties of peas. When stems from wilted 
plants were placed in moist chambers for 60 hours, the fungus grew 
out profusely from them (fig. 2). A number of stems were cut and 
separated at each internode to make sure that no upward growth of 
the organism occurred while in the moist chamber. However, the 
fungus was still found to occur throughout the length of many of the 
stems, indicating that the fungus had already advanced through them 
before being placed in the'hioist chamber. 

In the case of resistant" Kogers K and some promising hybrids of 
which it was one of the parents, the fungus did not advance beyond 
the eighth node when grown on near-wilt-infested soil. 

SEED TRANSMISSION 

Since the fungus was found to advance from the root through the 
entire length of the stem of susceptible pea varieties, and because of 
the fact that the disease does not ordinarily kill the plant until the 
middle of its development or later, usually when pods are setting, it 
seemed highly probable that the fimgus might roach the seed through 
the vascular system. 

EXPLANATORY LEGEND FOR PLATE 1 

At Longitudinal section of an infected root tip of a Rogers K pea plant, showing 
accumulation of mycelium around it and intercellular penetration; B, cross 
section of eortex of seedling root, showing fungus in both intercellular and 
intracellular relation to the host cells; C, longitudinal section of cortex of 
seedling root, showing a considerable amount of the fungus present, infection 
having taken place along the surface of the root; D, cross section through the 
first intemode of a plant that died at the time it was setting pods; E, longitu- 
dinal section through the first internode of the same plant. Note abundance 
of mycelium in certain of the vessels. 




FOR EXPLANATORY LEGEND BEE OPPOSITE PAGE. 
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Figttre 2. — Near-wilt-diseased vine of Dwarf White Sugar placed in a moist 
chamber for 60 hours in order to promote fruiting of the pathogen on the sur- 
face as an i ndication of the extent of its invasion. The fungus extended almost 
to the tip of the stein> hich was 3:feet.4 inches in length. 
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Seeds of several varieties of peas were collected from near-wilt- 
diseased plants grown on naturally infested soil in the field. These 
plants generally had set one or two pods, although many of the pods 
failed to develop seed. The seed coats were separated from the 
cotyledons of a number of these seeds when plated out on potato 
dextrose agar. The near- wilt fungus was found in the seed coats and 
in the cotyledons, but not necessarily in both in the same seed (fig. 3). 
The results of the isolation studies are shown in table 1. Several 
isolates were also obtained from seed produced by susceptible plants 
grown on near-wilt-infested soil in the greenhouse. 

Seed collected from two varieties of peas, Wisconsin Perfection and 
Prince of Wales, grown on a naturally infested field in Wisconsin 



Figure 3. — Seeds from near-wilt-infected pea plants plated on potato-dextrose 
agar. The seed coats and cotyledons were separated before plating: /I, 
Fungus present only in seed coat; fungus present only in cotyledon; C, 
fungus present in both seed coat and cotyledon. 

were planted at Moscow, Idaho, on soil where near-wilt had never 
been observed. Out of 140 plants of Wisconsin Perfection, 16 became 
diseased with near-wilt, and out of 656 plants of Prince of Wales, 10 
were diseased. Fif tv-four pea crosses, mostly backcrosses from 
small-podded, somewhat resistant lines to near-wilt-susceptible, large- 
podded varieties, were made in the greenhouse on near-wilt-infested 
soil. Most of the plants on which the crosses were made set one or 
two pods before dying from near-wUt. The 54 crosses furnished about 
140 seeds, which wore planted the following spring in the plots at 
Moscow. Four of the resulting plants became affected with the 
disease. These cases of near-wiit were the only ones found in the 
plot, which covered about one-fifth of an acre. 


Table 1. — Results of plating seeds collected from near-wilt-diseased plants 


Variety 

Seeds 

tested 

Seeds 

infected 

' ' ' 'j 

Prince of Wales -- - - - -- - - 

Number 

70 

70 

141 

50 

Number 

2 

1 

21 

1 

Wisconsin Perfection - 

Penin. - 

Senator - 



The reults of the isolation experiments leave little doubt that the 
diseased plants developed from infected seed produced by susceptible 
plants grown on near-wilt-infested soil. 
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DISCUSSION 

Penetration of the root tip of pea plants by the near-wilt organism 
is quite similar to penetration of root tips of China-aster plants by 
Fusarium congluti/nans Wr. var. callistephi Beach as described by 
IJllstrup (9), and the penetration of cabbage plants by the cabbage 
yellows organism (Fusa/riuni conglutinans Wr.) reported by Smith 
and Walker (4). The near-wilt organism differs, however, from these 
strictly vascular parasites in that it may also invade the cortex 
extensively. In this respect it is similar to the watermelon wilt 
organism {Fusarium nimum Erw. F. Srn.). No exi)lanation is offered 
of why the fungus invades the cotyledonary region so readily, unless 
it could be that the organism in contact with a germinating seed 
grows over its surface and immediately attacks the cotyledonary region 
when the young seedling breaks through the seed coat. What condi- 
tions are nec^essary for the organism to cause a rot are not definitely 
known, but it does seem that an abundan(*e of mycelium must be 
present on the surface of the seedling to initiate it. Results quite 
similar to those reported by Appel (/) were obtained when the seed 
was sprayed with a suspension of macroconidia of the near-wilt 
fungus. 

The ability of the organism to travel the complete length of the 
stem of susceptible pea varieties is an outstanding difference between 
this disease and the wilt disease described by Linford {2), who never 
found the wilt fungus (Fusarium jorthoceras App. and Wr. var. j.yisi 
Linford) within two nodes of the lowest blossoms of susceptible 
varieties. It has been shown in this investigation that penetration 
takes place equally well in Wisconsin Perfection and Rogers K, but 
that the fungus does not advance nearly so far up the stem in the 
latter as in the more susceptible varieties. No morphological dif- 
ferences were observed which would account for this difference. 
Perhaps some substance is present in Rogers K which slows down the 
development of the fungus, and it therefore could progress only so 
far before the plant matured. 

It seems logical to assume that certain varieties are more liable than 
others to produce infected seed when grown on infested soil. Early- 
maturing typ^S; such as Alaska, often mature before the organism can 
reach the pods, whereas in later maturing ones like Perfection and 
Penin the organism has a much longer time to travel approximately 
the same distance to reach the seed. It is doubtful if the organism 
could reach the seed of very tall varieties of peas by way of the vascular 
system except under very favorable conditions. Although only a 
small percentage of seeds carry the fungus, there is ample oppor- 
tunity for it to become widely disseminated. Thus, it is possible that 
the near-wilt disease may at some time become a more serious menace 
to the pea industry than it has up to the present. 

SUMMARY 

The near-wilt fungus (Fusarium oxysporum Schlect. f. 8 Snyder) 
makes its entry into the pea plant at almost any point along the root 
and epicotyl of young seedlings, the root tip and cotyledonary node 
being the most common points of entry. No difference in penetra- 
tion of Wisconsin Perfection, a very susceptible variety, and Rogers K, 
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a somewhat resistant variety, was observed. Under certain condi- 
tions the fungus was able to produce a definite seedling root rot. 

The progress of the fungus through the root and stem was largely 
confined to the xylem vessels. The organism was able to travel the 
complete length of stems of many susceptible varieties. In the case 
of Rogers K and some hybrids of which Rogers K was one of the 
parents, the fungus failed to advance nearly so far up the stem as in 
the susceptible varieties. 

The organism advances into the seeds of diseased plants through 
the vascular system. The fungus was found both in the seed coat 
and cotyledon. Dwarf, late-maturing, susceptible varieties are much 
more likely to produce infected seed when grown in near-wilt-infested 
soil than are early-maturing varieties. Seed infected by the near-wilt 
organism will produce diseased plants. 
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PRELIMINARY STUDIES OF THE NUTRITIVE REQUIRE- 
MENTS OF THE EUROPEAN CORN BORERS 

By G. T. Bottger 2 

Assistant entomologist y Division of Cereal and Forage Insect InvestigationSy Bureau 

of Entomology and Plant Quarantincy United States Department of Agriculture 

INTRODUCTION 

Much research conducted on the European corn borer {Pyrausta 
nubilalis (Hbn.)) in relation to potential host plants, number of gen- 
erations, breeding of imported parasites, and especially borer-resistant 
strains of corn has emphasized a growing need for accurate knowl- 
edge of the nutritive requirements of the insect. 

After a certain strain or variety of any j^lant has been proved to 
possess some resistance to the attack of an insect, the possibility of 
breeding this resistant quality into new strains of the plant that are 
adapted to different localities and purposes would appear far more 
encouraging if the plant breeder could be furnished definite knowl- 
edge of the insect’s nutritive requirements. A working knowledge 
of the inherent cliaracters or factors which constitute or contribute 
to the resistance of a i)articular variety of plant to attack by a certain 
insect would permit the immediate elimination of many varieties or 
strains of the plants from extensive but futile tests of resistance. 
Definite information concerning the physiological effect of nutrients 
on an insect might also aid in forecasting the response of the insect’s 
parasites when the food plant of the insect is growing in a different 
environment, or the magnitude that an infestation of the insect 
might be expected to assume on a new or different host plant. 

Daring the spring of 1937 tests were begun at the Toledo, Ohio, 
research laboratory to study the nutritional requirements and limita- 
tions of the European corn borer with special attention to its ability 
to feed on and assimilate the tissues of different food plants. The 
results of these tests are reported in the present paper. 

METHODS, TEST MATERIAL, AND EQUIPMENT 

Each experiment for testing the effect of nutrients on the borer was 
replicated four times, and the material used in each replication was 
infested with approximately 100 eggs. For a period of 25 days the 
test larvae were supplied with fresh food every fifth day. Thirty 
days after infestation the surviving larvae were weighed and isolated 
for further observations on development, survival, pupation, and 
emergence. Although the percentage of pupation prior to diapause 
among ostensibly single-generation borers has been considered neg- 
ligible, the percentage of larvae in these tests that pupated without 
diapause varied considerably with the nature of the nutritive sub- 

» Receiver! for publication November 20, 1939. 

* Grateful acknowledgment of assistance is made to W. A. Baker, in charge of corn borer research, under 
whose leadership these studies were initiated, and to A. M. Vance, under whose general supervision the 
tests were conducted. 
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stance supplied them. Thus, in many instances the pupation of a 
portion of the larval population reduced the number of larvae avail- 
able for weigliing, and for this reason the weights of larvae as recorded 
from such populations may not be entirely comparable with those 
representing populations in which no pupation occurred. No pupae 
were weighed. 

Supplementary tests for enzymes present in the digestive tracts of 
corn borer larvae were conducted subsequent to these feeding experi- 
ments in an effort to gain some fundamental knowledge concerning 
the insect^s digestive capacities. 

FOOD MATERIALS 

Food materials tested were selected to represent distinct types of 
physical structure, differences in stage of plant maturity and in mois- 
ture content, different chemical constituents, and different strains of 
com that had proved either resistant or susceptible under field tests 
as reported by Patch and Bottger^ and Marston and Dibble (6*).^ 

Before infestation the food materials were washed and cut or broken 
into portions which exposed a comparatively large amount of feeding 
surface to the borer. The fragments of food usually were laid close 
together to provide an environment to satisfy the borers' thigmotro- 
pism. 

Proximate composition of vegetable foods tested was assumed from 
analyses by Chatfield and Adams (2) and from detailed analyses of 
sugars in sweet com at different stages of maturity by Culpepper and 
Magoon (3). The interpretations involving the chemical constituents 
of material are based on such assumptions. 

Fresh vegetables such as green beans, green peas, lettuce, and cauli- 
flower were purchased from markets as needed. Five successive 
plantings of four different types of corn and of five other kinds of crop 
plants provided additional materials for both field and laboratory tests. 

The kinds and portions of the plants tested are shown in table 1 . 

TEST INSECTS 

Fall-collected corn borer larvae, all from one source, were isolated 
in glass shell vials and kept in cold storage at a temperature of 4d° F. 
and a relative humidity of 70 to 100 percent. Moths emerging from 
this stock produced the eggs used for infesting all materials included 
in the tests. 

LABORATORY CONDITIONS 

A room-size incubator kept at a constant temperature of 80° F. and 
a relative humidity of 70 to 100 percent provided satisfactory condi- 
tions for emerging moths, oviposition, and the rearing of larvae on the 
foods tested. A metal rack permitted the stacking of the rearing trays 
within a comparatively small space and at the same time allowed free 
circulation oi air which was maintained by the continuous operation 
of a 12-inch electric fan in the room. 

PRODUCTION OP EGGS 

A slight modification of the mating and ovipositing cage described 
by Bottger and Kent (/) was used. Essentially this consisted of a 

» Patch, L. H., and Bottoer, G. T. invbstioations of the varietal resistaxce of field corn to 
THE ETTROFEAN CORN BORER IN i«3d. U. S. Bur. Ent. and Plant Quarantine E-410, 11 pp. 1937. [Mimeo* 

In parentheses refer to Literature Cited, p. 267. 
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3%-inch cardboard ice-crcam container fitted top and bottom with an 
18-mesh copper screen. Its inner wall was lined with waxed paper, 
on which the moths readily oviposited. 

From 5 to 10 female moths and a like number of males were confined 
in each of these cages and kept in the incubator for mating and ovi- 
position. Once every 24 hours the sheets of waxed paper bearing the 
egg masses were removed from the oviposition cages. The paper was 
then cut into pieces so that each piece bore a single egg mass. These 
were placed in terra-cotta dishes, covered with a glass plate, and re- 
turned to the incubator room for incubation of the eggs. The glass 
cover permitted the frequent observation of embryonic development, 
which was essential because the eggs had to be removed just prior to 
hatching for ease in counting and for insurance of a complete hatch 
after they were placed on food material. 

INP'f^STATlON OF FOOD MATERIALS 

The eggs were incubated until the head capsules of the contained 
larvae became sufTiciently pigmented to be readily visible, at which 
time groups of afiproximately 100 eggs were counted and placed on 
food in rearing trays, where hatching usually occurred witliin a few 
hours. The number of eggs failing to hatch was negligible. 

REARING TRAYS 

Two types of rearing trays were used in the laboratory tests. The 
one most generally employed was that described by Mathes (7). It 
consisted of a rectangular wooden frame fitted with an 80-mesh copper- 
screen bottom and a glass top. 

For some of the more concentrated foods which contained little fiber, 
a terra-cotta dish 7 inches in diameter and 2 inches deep was foiincl 
practical. A satisfactory lid was provided by a round piece of 
80-mesh screen of the same circumference as the inside of the dish 
about one-fourth inch from its top. The slightly flared sides of the 
dish served as a shoulder on which the rough edges of the screen 
cover rested. 

ENZYME TESTS . 

The entire digestive tracts from 25 hibernating larvae were ground 
with glycerin in a mortar to form a tissue suspension to make each 
test for an enzyme. 

The methods of enzyme analysis used were the microchemical 
methods reported by wSwingle {8). 

RESULTS 

The percentages of survival and pupation and the weights of test 
larvae of the European corn borer reared on 33 samples of plant 
material are presented in table 1. Each number is the average of 
four replications. 

These data were analyzed by the method of the analysis of variance 
described by Fisher (4). The required difference for significance 
between treatment means was calculated from the remainder vari- 
ance and from the value of t obtained from Fisher^s table of f, in which 
the number of degrees of freedom applicable to this problem for a 
probability of 0.05 was used. The significance of the correlation 
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coefficient was determined by computing t from the correlation coeffi- 
cient and the number of pairs of observations on wliich the correlation 
was based, less 2. The probability of such a value was then ascertained 
from Fisher^s table of t. 

Table 1. — Effect of certain nutrients on survival^ weighty and pupation of European 
"corn borer larvaCy arranged in decreasing order of survival 


Plant 


Surviv- 

Portion of plant fed al of 

larvae for 30 days test 

larvae 


Per- 


Sweet corn (Zea nfiys)- 

Green beans (Phaaenlus vulgaris) 

Popcorn, Japanese hulMess 

Dent corn, A X Tr 

Sweet corn, bantam 

Dent corn, Hy X R4 

Lettuce (Laduca saliva) 

Flint corn, maize Amargo 

Green peas (Pisum sativum) 

Sorghum (Holcua sorghum) 

Sweetpotato (Ipomoea batatas) 

Sunflower (Helianthus sp.) 

Smartweed (Polygonum sh.) 

Oocklebur (Xantkium sp.) 

Table beet (Beta vulgaris) 

Dent corn, A X Tr 

Flint corn, maize Amargo 

Sunflower 

Giant ragweed (Ambrosia trifida) 

Asparagus (Asparagus officinalis) 

Banana (Musa sapientum) 

Cauliflower (Brassica oleracea botrytis).,. 

Sweet corn, bantam 

Dent corn, Hy X R4 

Popcorn. Japanese hull-less 

Hemp ( Cannabis saliva) 

Potato (Solanum tuberosum) 

Dent corn, Hy X R4 

Dent com, A X Tr 

Soybean (Soja Twaz) 

Table beet 


Kernels-- | 

Pods and fruit 

Internodes 

do 

do 

do. 

Leaves 

Internodes . . 

Pods and fruit 

fLeaves and stem 

llntemodes 

Roots 

Loaves and stem 

do j 

do 

Roots 

Leaves 

. ...do 

Sections of stalk 

Leaves and stem | 

Young shoots 

Fruit 

Flower 

Leaves 

do 


Leaves and stem 

fTubers 

[Leaves and stem 

Tassels 

do - 

Loaves and stem 

Leaves 


cent 

05.3 
61.0 

47.1 
43.6 

41.1 

33.0 

32.0 

30.1 

21.2 

18.4 
14.0 

12.5 
10.3 

8.0 

8.1 

7.4 
0.9 
6.9 

5.4 

6.4 
6.0 
4.1 


3.9 
2.6 
2.4 

1.9 


0 

0 

0 

0 


Required difference for significance at 
odds of 19 to 1. 


13.1 


Aver- 

age 

weight 

per 

larva 

Larvae pupated * — 

30 days 
after 
hatch- 
ing 

40 days 
after 
hatch- 
ing 

I 

60 days 
after 
hatcli- 
ing 

Milli- 

Per- 

Per- 

Per- 

grams 

cent 

cent 

cent 

66.6 

21.7 

38.6 

41.9 

96.0 

9.6 

12.5 

12. 5. 

92.9 

8.8 

10.8 

11.4 

100.1 

17.2 

23.6 

27.0 

120.1 

13.5 

15.3 

16.0 

78.3 

11.4 

16.9 

19.7 

83.2 

0 

1.6 

1.6 

124.4 

1.9 

2.9 

2.9 

92.6 

3.5 

3.5 

4.7 

102.8 

7.9 

14.4 

14.4 

67.4 

10.0 

10.0 

10. 0 

43.6 

2.0 

3.9 

3.9 

25.0 

0 

0 

0 

62.2 

2.7 

5.0 

6.0 

71.1 

3.3 

10.0 

10.0 

80.5 

0 

0 

0 

73.1 

13.8 

13.8 

13.8 

63.2 

17.9 

17.9 

17.9 

31.7 

0 

0 

0 

46.0 

0 

0 

0 

63.6 

0 

0 

0 

62.8 

0 

0 

0 

73.2 

11.1 

11.1 

11.1 

32.0 

18.8 

18.8 

18.8 

65.8 

0 

0 

0 

28.7 

*42.9 

3 42. 9 

3 42.9 

26.1 

0 

0 

0 

51.1 

2 33. 3 

*33.3 

* 33. 3 

17.8 

0 

0 

0 

















34.1 

32.1 






1 Based on numbers of larvae surviving. 

* Extremely low larval survivals resulted in populations too low for reliable comparison with percentages 
of pupation occurring among the other populations. 

SURVIVAL 

On the basis of the required difference of 13.1 percent for odds of 
19 to 1, the 65.3 percent of larvae which survived on a diet of sweet 
com^ kernels was significantly greater than the percentage which 
survived on any other food tested. 

The survival of 51.6 percent of larvae nourished on green heaps 
was next highest to the survival on sweet corn kernels and was sig- 
nificantly higher than any survival of 38.5 percent or less. The 
survivals of 47.1, 43-5, and 41.1 percent on the intemodes of popcorn 
A X Tr dent com, and bantam sweet com, respectively, were signifi- 
cantly higher than any survival of 28 percent or less. The 43.5 percent 
survival of larvae nourished on the intemodes of A X Tr was signifi- 
cantly higher than the 30.1 percent survival on the intemodes of the 
flint stram, maize Amargo, but not significantly higher than the 33 
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percent survival on the dent HyXli4 internodes. However, the 
survival of 47.1 percent on popcorn internodes was significantly 
higher than the survival on either of the more resistant strains 
Hy X R4 and maize Amargo. 

The 32-percent survival of larvae on lettuce compared favorably 
with that on the internodes of the two resistant strains of corn, all of 
wliich were significantly higher than any survival falling at or below 
17 percent. 

Survivals of 21.2 and 18.4 percent on pods and fruit of green peas 
and on leaves and stem of sorghum, respectively, wliile significantly 
higher than any falling at or below 5.3 percent, represented the lower 
brackets of survivals indicative of satisfactory nutrition. 

Corn leaves (except from maize Amargo and from the strain A X Tr), 
corn tassels, beet leaves, hemp plants, potato plants, potato tubers, 
and soybean plants were foods on which either no survival resulted 
or an extremely low one (significantly lower than survival of 17 penient 
or more). 

WEIGHTS 

It is apparent tliat larvae reared on most of the corn internodes, 
green beans, and green peas attained greater weights than did those 
reared on other foods. The average weights of 124.4 and 120.1 mg. 
per larva nourished on maize Amargo and bantam sweet corn inter- 
nodes, respectively, were significantly greater than the average 
weight per larva of 78.3 mg, for those reared on the internodes of 
Hy X 114. 

The average weights of larvae reared on each of the five kinds of 
corn leaves (except those of A X Tr), sunflower plants, and hemp and 
potato plants were significantly less than the average weights of 
larvae reared on each of the five "kinds of corn internodes (except those 
of Hy X K4), sorghum plants (leaves and stem), green beans, and 
green peas. 

Statistically there is a high correlation between percentage of sur- 
vival and average weight per larva 30 days after hatching. The 
correlation coefficient of 0.635 was calculated from 29 pairs of observed 
values. 

PUPATION 

Statistical analj^ses of the percentages of pupation are of little 
value because of the widely different populations of surviving larvae 
on wliich the analyses were based. However, excepting the instances 
where extremely low larval survivals resulted in populations too small 
for reliable comparison, relatively high percentages of pupation are 
associated with relatively high percentages of survival and weights 
of mature larvae. 

The 38.6 percent of larvae reared on sweet corn kernels which had 
pupated 40 days after hatching exceeded the pupation for all compa- 
rable groups, again placing this nutrient in a unique position, when 
compared with other nutrients, in relation to pupation . 

ENZYMES 

Table 2 summarizes the results of tests for enzymes in the digestive 
tracts of corn borer larvae. The positive reaction of tissue suspensions 
with sucrose, olive oil, fibrin, and peptone suggests the borer's ability 
to digest sucrose, fat, and proteins. The pepsin reaction may have 
been affected by the presence of excess acid in the solution. Pepsin 
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is active only in a strongly acid solution, and this necessitates a more 
careful adjustment of the pH value than available equipment would 
permit. However, the reaction indicating the presence of crepsin 
was so pronounced that its presence could scarcely be doubted. In 
the presence of erepsin, peptones are broken down into amino acids, 
indicating the borer's ability to digest these derivatives of protein 
matter. The borer's inability to digest starch, maltose, and lactose 
is indicated by the negative reaction of the tests for amylase, maltase, 
and lactase. 

Tablj!: 2 . — Nummary of results of tests for enzymes in the tissnes from walls of the 
entire digestive tracts of European corn borer larvae 


Enzyme sought 

Substrate used 

Tests 

made 

Enzymatic 

reaction 

Amylase 

Cornstarch . 

Number 

4 

Negative 

Maltase 

Maltose 

1 

Do. 

Invertase 

Sucrose 

4 

Positive. 

Lactase i 

J.<actose 

1 

Negative. 

Lipase 

Olive oil. * 

2 

1 l*ositive. 

Pepsin - 

Fibrin ... . 

4 

1 Do. 

Erepsin 

Peptone .. .. 

4 1 

j 

Do. 


DISCUSSION 

VEGETABLES 

The data indicate that the nutritive elements available in immature 
sweet corn kernels were better adapted to the borer's requirements, 
when measured by survival and pupation, than those in any other 
food tested. Green beans, lettuce, and green peas were fairly satisfac- 
tory nutrients from the standpoint of survival and larval weight, 
but they did not affect the metabolic acceleration of the test insects 
as expressed in percentage of pupation nearly so much as did the corn 
kernels. 

The low survivals of larvae on the other vegetables, accompanied by 
low weights in some instances and either low or no pupation in all 
instances, may . have been due to mechanical resistance to attack 
offered by the physical structure of the plants, such as hard epidermis, 
or to retention of too much or too little moisture under laboratory 
conditions, deficiency in certain chemical constituents, or the occur- 
rence of these constituents in a form not readily digested by the 
borer. 

Considering the borer's favorable physiological reaction to nutrients 
wliich are relatively high in glucose, such as immature sweet corn 
kernels (S), compared with its reaction when fed foods such as beet 
leaves, in wliich practically all sugar present is sucrose, and potato 
tubers, which are high in starch, it seems probable that the character 
of the carbohydrate constituents of food may be of real importance 
in determining its nutritive value to the borer. On the basis of these 
indications, it seems logical to assume that glucose fulfills the insect's 
nutritive requirements far more effectively than does either sucrose or 
starch. ^ Failure to obtain a favorable growth response of larvae to 
predominantly starchy food materials is probably due to the inability 
of the insect to digest starchy as was indicated by the negative reaction 
of the tests for amylase, the starch-splitting enzyme. 
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CORN INTERNODES 

Relatively high survivals of larvae resulted from infestations on the 
internodes of all strains of corn and were accompanied by favorable 
rates of development in most instances, probably because of the com- 
paratively high percentage of digestible carbohydrate constituents in 
green corn internodes. The differences in survival and weight of lar- 
vae between populations nourished on internodes of differcuit strains 
indicate that the nutrients present which are best adapted to tin* 
liorer's requirc^inents vary considerably in amount as between differ- 
ent strains. That these nutrients do vary was further substantiated 
by physical differences in the excrement of the test larvae feeding on 
internodc's from different strains of corn. Excrement of larvae which 
were feeding on internodes of ^theVesistant strain Hy X R4 was coarse- 
textured and retained the original color of the food. In contrast, the 
excrement from larvae feeding on internodes of the susceptible strain 
A X Tr was fine-textured and greatly changed in color, a condition 
which would indicate a much more complete digestion. 

The low survivals and weights of larvae confined on corn leaves are 
attributed to causes of a mechanical ratlier than a nutritive nature, 
and to the fact that the leaves became very dry during the interval 
betwecni foc^dings. Since the thick portion of the midribs and a small 
area of the leaf and sheath adjacent to the ligules were the only por- 
tions of the leaves wiiich appeared to satisfy the positive thigmotropism 
of the borer, it seems probable tliat the majority of larvae were unable 
to find an environment conducive to their normal activities and subse- 
quent development. Both etiolated and chlorophyllaceous half tissues 
were supplied the larvae in these tests. 

The fact that no larvae survived on the tassels of the two strains of 
dent corn was contrary to expectations, because the tassel is one of 
the most favorable points of entrance, and its availability has beem 
commonly associated with high borer survivals in the field. Wliile 
newly hatched larvae appeared to feed normally on the tassel spikelets, 
any feeding observed on tassels under test after the larvae were 5 days 
old was confined to the main stem, and as soon as that source of nutri- 
tion was eliminated, either by larval feeding or by desiccation, the lar- 
vae died without any apparent attempt to feed on the spikelets. Corn 
tassels dried rapidly after they were placed in rearing cages, and this 
may have caused a large portion of the larval mortality. 

he close similarity between the carbohydrate constituents of leaves, 
tassels, and stalks of green corn plants, as shown by the analysis of 
Latshaw and Miller (5), makes it unreasonable to assume that carbo- 
hydrate nutritive values were responsible for the marked physiological 
differences in test larvae nourished on them. 

MISCELLANEOUS CROP PLANTS AND WEEDS 

The total mortality of larvae confined to soybean plants appears to 
have been due largely to tlie mechanical barrier afforded by the profuse 

E ubescence peculiar to all aerial portions of these plants. Many dead 
rst-instar larvae were observed which had become lodged between the 
bristly hairs composing the pubescence. 

Thick layers of coarse fibrovascular bundles were observed to sur- 
round the pith of sunflower, hemp, and giant ragweed plants and are 
believed to have contributed to the resistance of such plants, because 
relatively low survivals and weights of larvae were associated with 
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plants in which the fibrovascular character was prominent. High 
water content of the sunflower stems apparently prevented the normal 
tunneling and feeding of the few borers which were successful in gaining 
entrance through the bristly pubescence and hard epidermis. 

Neither the physical structure nor the nutritive qualities of cockle- 
bur, smartweod, giant ragweed, or potato plants could be considered 
favorable to the establishment and development of the borer, on the 
basis of its physiological reactions to any of them. The physical 
changes which occurred in these plants under laboratory conditions 
doubtless contributed to their unsatisfactory nutritive qualities. 

With the sorghums, weights of larvae reared on internodes were sig- 
nificantly lower than of those reared on leaves and stems of much 
younger plants, thus indicating that the changes in th(‘se plants, prob- 
ably both physical and chemical, which occur with maturity affect 
the borer adversely. 

ENZYMES 

The absence of amylase (starch-splitting enzyme) in the borer’s 
digestive tract as indicated by these tests is offered as a possible ex- 
planation of low survivals and weights of larvae which resulted when 
they were confined to starchy food materials such as mature i)otato 
tubers. The presence of protein -splitting enzymes such as pepsin and 
erepsin is in keeping with favorable survivals and growth rates of lar- 
vae reared on foods such as green beans, green peas, and green corn 
kernels, all known to be relatively rich sources of protein. A pro- 
nounced positive reaction for sucrase leaves little doubt of the presence 
of this enzyme in the walls of the borer’s digestive tract. Obviously 
the more favorable growth rate of larvae on foods relatively rich in 
glucose than of larvae reared on foods rich in sucrose, but containing 
little glucose, cannot, on the basis of these tests, be attributed to tln^ 
nonexistence of sugar-splitting enzymes. 

SUMMARY AND CONCLUSIONS 

During the spring of 1937 a study of the nutritional requirements 
of the European com borer {Pyraustanubilalis (Hbn.)) was undertaken 
at Toledo, Ohio. The food materials tested were selected to represent 
distinct types in physical structure, stage of maturity, moisture 
content, chemical constituents, and both resistant and susceptible 
strains of corn. Their proximate con^osition was assumed from 
analyses by Chatfield and Adams and Culpepper and Magoon. 

Moths that emerged in the laboratory from one lot of corn borer 
larvae collected in the field the previous fall supplied the eggs and 
resulting larvae used for all the tests. A room-size incubator kept at 
80® F. and a relative humidity of 70 to 100 percent was used for the 
emerging moths, oviposition, and the rearing of larvae on the foods. 

As measured by statistically significant differences in percentage of 
survival and by the relatively high percentage of pupation of test 
larvae, the sweet corn kernels satisfied the borer’s nutritive require- 
ments better than any other material. 

Comparatively high percentages of larvae survived on green beans, 
lettuce, and green peas, and the comparatively high weij^ts of larvae 
nourished on these foods indicated that they provide^satisfactory 
nutrition. 

Intemodes of corn in general provided satisfactory nutrients for 
the borer. The nutritive qualities of com internodes, as measured 
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by diffcr(3nces in survivals and weights of corn borer larvae nourished 
on them, varied considerably as between the strains tested. 

Extremely low survivals resulted from infestations induced on potato 
plants and mature tubers, hemp, and sunflower plants. Soybean 
plants, corn tassels, and beet leaves were the only green-plant food 
materials tested in the laboratory on which no larvae survived, 
although in the case of corn tassels mortality may have been due to 
the poor condition of the food. 

Food materials rich in glucose fulfilled the borer’s nutritive re(|uire- 
ments far better than did those high in either sucrose or starch. 

Physical characters of plants which were associated with low 
survivals and weights of larvae were profuse pubescence, thick (epi- 
dermis, and tl)c greater number and coarse nature of fibrovascular 
bundles, especially in the peripheral r(‘gion of the st(uns. 

Excessive moisture' in siu'li succulent foods as young sunflower plants 
and potatoes apparemtly interfered witli the tunneling habits of the 
insect. InsufRcii'nt moisture to satisfy physiological reciuirements of 
the ins('ct and physical structui-e of the plant tissue incompatible with 
the positive lliigmotropism of tlie insect probably contributed more 
to larval mortality on such foods as corn leav('s and tassels than any 
deficiencies in nutritives elements. 

A positive correlation was found between survival of larvae and 
tlnur average weights 30 days after hatching. 

Supphumuitary tests for enzymes in the cellular tissue of the diges- 
tive tracts of hibc'rnating larvae indicated the presence of bothsucrose- 
and ])rot(‘in-splitting enzyme's, but no enzymes capable of hydrolyzing 
starch were found. 

Metamorphic development of the insect was directly airc'cted by 
nutrition. This obseu’vation suggests a possible explanation for the 
variation in number of generations, within a climatic range, on the 
basis of dilTerencc in the nutritive value of plants available in diffc^rent 
environnK'iits. 
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PHYSIOLOGICAL STUDIES OF PLASTID PIGMENTS IN 
RINDS OF MATURING ORANGES » 


By Erston V. Miller, physiologist, J. R. Winston, senior horiiculturisl, and 
Harold A. Schomer. assistant physiologist, Division of Fruit and Vegetable Crops 
and Diseases, Bureau of Plant Industry, United States Department of Agriculture.'^ 

INTRODUCTION 

Growers of citrus fruits have long been aware that rind color is not 
necessarily an index of dessert quality. Early -maturing varieties of 
oranges are quite edible before they have lost their green pigment. In 
later varieties, such as Valencia, this color change occurs long before 
the fruits become suitable for consumption and they may regreen during 
the normal harvest period. Fruits of late varieties sometimes fail to 
lose their green color because of shade or other local conditions and may 
pass into senility and finally drop from the tree without having shown 
the characteristic orange color. The latter aspect becomes of increas- 
ing commercial significance along with increasing age of the grove. 

For many years it has been customary to remove the green rind 
color, under conditions indicated above, by the use of ethylene. The 
process whereby the fruit loses this green pigment (chlorophyll) is 
termed ^^degroening/^ whether it is permitted to take place on the tree 
or wliether it is hastened by the use of ethylene. Freipiently difficul- 
ties arc encountered, as a result of wliich the fruits, though legally 
niature, cannot be properly degreened for the market. Although many 
improvements have been made in the mechanical eipiipment employed 
in degreening fruit, little is known concerning physiological changes 
taking place in the rind during the degreening process. The present 
work was inaugurated in the hope that a detailed investigation of these 
processes might help solve some of the present-day problems in the 
industry. 

REVIEW OF LITERATURE 

While a number of investigators have identified the carotenoid pig- 
ments occurring in citrus fruits, only a few have studied the pigment 
transformations during degreening of the fruit or the influence of ethvl- 
ene on this process. Gardner ^ demonstrated the presence of a 
chlorophyll-decomposing enzyme in the rinds of satsuma oranges. 
Stahl \li) reported a slight increase in carotenoid pigments in orange 
rinds during maturation. Chace {!) stated that *The changes pro- 
duced by ethylene gas are solely those which would have been brought 
about by nature in a somewhat longer time.'' Crocker et al. (S) 
suggested that since ethylene is a product of the metabolism of plant 

1 Received for publication March 31, 1939. 

3 The writers arc indebted to D. F. Fisher, of the Division of Fruit and Veiretable Croi)s and Diseases, for 
helpful sugRestions in planning these investigations, to C. J. Thompson, of the same Division, for construct- 
ing and assisting in adapting the Clifford photometer, and to P. A. Clifford, of the Food- and Drug Adminis- 
tration, U. S. Department of Agriculture, for supplying specifications for the light filters. Appreciation is 
expressed also to ward B. Matthews, Doris Propnitt, and Rolwrt Bunch, of the Division of Fruit and Vege- 
taole Crops and Diseases, for assistance in the analytical work. 

> Italic numbers in parentheses refer to Literature Cited, p. 267. 
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organs it might act as a fruit-ripening hormone. Michener {6) stated 
that the effects of ethylene on growth are to be explained not as direct 
effects of ethylene alone, but as effects of ethylene on a growth 
hormone. Lynch (<5) formulated the theory that ethylene acts as a 
coenzyme in the ripening processes of fruits. 

MATERIALS AND METHODS 

Studies were conducted during the 1936-37 citrus season at Orlando, 
Fla., and continued during the 1937-38 season at the Arlington Experi- 
ment Farm, Arlington, Va. The fruit used during the second season 
was shipped by express from Florida. 

Parson Brown ^ oranges wore obtained from what is known as the 
Carney grove at Oklawaha, Marion County, one of the original 
plantings of this variety. This grove is located in the nortliern fruit 
section of the Florida citrus belt, on ^^high hammock^^ soil originally 
supporting a growth of hardwood trees. The rootstock was sour 
orange. The Parson Brown orange was introduced by J. L. Carney, 
former owner of this grove, the budwood having been selected from 
what W’as considered the best of five promising seedling trees in 
the grove of ^Tarsori^^ Brown, about 30 miles south. This variety is 
one of Florida’s early oranges, in season during October and November. 

Pineapple ^ oranges were collected in the Crosby-Wartman grove 
at Citra, Marion County. The grove is situated in a ^‘low hammock,” 
and there is a limestone formation a few feet under the soil. The 
original growth was mostly hardwood. This grove is nearly at the 
northern limit of citrus production on a commercial scale. I'he trees 
were budded in place on wild sour orange trees found growing in the 
uncleared forest. Budwood for the trees in tliis grove came from 
the original Pineapple orange tree,^ produced in the giove of J. B. 
Owens, about 5 miles from Citra. The season for pineapple oranges 
is December to February. 

Valencia ^ oranges were obtained from a grove belonging to the 
Tampa Forwarding Co., 2 miles southeast of Dundee, in Polk County. 
The grove is located in the “ridge section” of Florida, on what is 
locally known as “high pine sandy soil.” The trees are on rough lemon 
rootstock. The Valencia season extends from about March to June. 

Temple ® and tangerine ^ oranges were all collected from commercial 
groves near Orlando. 

Ten trees in each of the groves described above were reserved for 
the experimental work. Samples of Parson Brown and Pineapple 
oranges were collected every 3 weeks, and Valencia samples were 
taken every 4 weeks. Only 2 of the 10 trees were reserved for the 
few samples taken after the commercial picking dates. 

Before an intelligent investijgation can be made of pigment trans- 
formations induced in citrus rinds by ethylene treatment, it is essen- 
tial to know what changes take place in nature. The most 
obvious effect of degreening is the loss of chlorophyll. However, 
an accurate appraisal of changes in carotenoid content cannot be made 
without recourse to chemical analysis. 

^ Parson Brown, Pineapple, and Valencia are varieties of Citrus sinensis (L.) Osbeok. 

A The writers are indebted to W. J. Crosby, of Citra, Fla., for these historic^ data. 

• Origin unknown; supposed to be a natural hybrid with Citrus nobilis var. deliciosa (Tenore) Swingle 
as one of the wents. 

^ Citrus nobilis var. deliciosa. 
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Thirty representative fruits were selected for individual samples. 
The fruits were peeled with a sharp scalpel, care being taken to remove 
both albedo and flavcdo without rupturing the juice sacs of the pulp. 
The peel was ground in a food chopper. The procedure followed in 
the extraction of the plastid pigments was essentially that recommend- 
ed by Schertz (10). Duplicate 20-gm. samples of the ground peel 
were covered with a 1 -percent solution of sodium carbonate (Na 2 CO3) 
and ground to a paste with clean quartz sand in a mortar. The 
sample was then transferred quantitatively to a Biiclmer funnel, pure 
acetone being used to rinse the mortar. The paste was extracted 
with acetone until the extracts were colorless. The combined ex- 
tracts were taken up with ether, treated with a little 1-percent 
sodium carbonate solution, and washed repeatedly with water until 
the ethereal solution was free from flavones. Five milliliters of ab- 
solute methanol saturated with potassium hydroxide (KOH) was 
added to the extract, which was shaken and then stored in the 
refrigerator overnight. The next day tlie chlorophyll, which had 
been saponified by tlie ti*eatment described, was washed out with 
water. Schertz’s precautions for complete separation of the chlo- 
rophyll from the carotenoid pigments were observed by rew^ashing 
each fraction until the particular solvent was colorless. The solution 
was made up to volume at 20® C., and its chlorophyll content was 
determined colorime tricall v. 

The ethereal solution of carotenoid pigments was dehydrated with 
anhydrous sodium sulfate and evaporated to dryness at a tempera- 
ture below 50® C. At this place in the procedure Peterson^s method 
(9) for the separation of carotene from xanthophyll was substituted 
for that of Schertz. The petroleum-ether fraction (cryptoxanthin, 
carotene)® w^as made up to 100 ml., and the methanol fraction was 
made up to 200 ml. The pigments were determined colorimetrically. 

Colorimetric determinations were made with a Clifford {2) photom- 
eter.® The instrument was adapted for this purpose by employing 
a red liglit filter for chlorophyll and a blue filter for the carotenoids. 
The former consisted of dark-shade pyrometer red. Coming No. 241, 
transmitting from 630 m^ up. The blue filter consisted of a combi- 
nation of Corning violet No. 511 and Noviol shade A No. 038, trans- 
mitting at approximately 458 m^. The photometer w edge was stand- 
ardized with solutions of crj^stals of chlorophyll, of beta-carotene, and 
of xanthophyll.^® The same zero point could be used for each of the 
three solvents by compensating with clear microscope slides, thus 
eliminating the necessity for changing the position of the wedge in 
determining the three pigments. Successive readings on the same 
solution could be replicated within 1 or 2 mm. on the scale with a 
2-inch cell. Accurate readings on pigments could be made with 
chlorophyll solutions as dilute as 1 part per million and with the 
carotenoids as dilute as 1 part in 20 million. All solutions were made 
up to volume at 20® C., and the readings were made as soon there- 

» In the determination of plastid pigments in green leaves it is customary to designate the petroleum- 
ether fraction of carotenoids as carotene and the methanol fraction as xanthophyll. Recently Zechmeister 
and Tuzson (12) have reported that cryptoxanthin is much more abundant than carotene in the fruits of the 
Seville orange (Citrus aurantiurn L.). In view of this report, those two carotenoid fractions will be referred 
to in this paper as the petroleum-ether fraction and the methanol fraction, even though the color standards 
employed were beta-carotene and leaf xanthophyll, respectively. 

* Munsey (8) has employed the Cliiford photometer for carotene determinations and suggests its use for 
chlorophyll and xanthophyll readings. 

Especially prepared for standardization by F. M. Schertz. 
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after as practicable, although tests made at 20®, 25®, and 30® indi- 
cated that no significant errors would result from temperature fluc- 
tuations in this range. The photometer offers the additional advan- 
tage that when it is used there is no need to employ standard solutions 
for comparison after the wedge has once been standardized. 

RESULTS 

PROGRESSIVE CHANGES IN PLASTID PIGMENTS 

The progressive changes in the plastid pigments of the rinds of 
Parson Brown, Pineapple, and Valencia oranges are shown in figure 1. 



Figure 1. — Progressive changes in chlorophyll and carotenoids in orange rinds. 

The initial samples were collected just before the fruits showed the 
first signs of losing their green color. From this time on the loss of 
chlorophyll proceeded rapidly and rather steadily. The curve for 
chlorophyll in Valencia oranges never reached the zero point, because 
of the regreening of the fruits in the spring when the trees began 
making new growth. Fluctuations are doubtless due to sampling 
errors, because all fruits on the same tree do not regreen to the same 
extent and these were random samples selected for uniformity of size. 

From these results it appears that Parson Brown and Pineapple 
oranges never ooinpletely lost their chlorophyll. Whether this is the 
case is not definitely known. After the irmt has attained full color 
on the tree tl^ere is still a minute amount of pigment that is determined 
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as chlorophyll bv the method employed. It is not known whether 
this is chlorophyll that is being formed as a result of the new growth 
and occurs in quantities too minute to be detected with the eve, or 
whether it is a pigment isolated along with chlorophyll but not 
detectable until the chlorophyll has all disappeared. 

It is interesting to note that the carotenoid pigments in the rinds of 
all three varieties began increasing rather early in the fall and before 
the rind had lost its green color. The regularity of the curves is broken 
by the February samples. Pineapple and Valencia varieties showed a 
loss in carotenoids at this time, and the Parson Brown variety showed 
only a slight increase. However, carotenoid values reached a second 
peak in March for Parson Brown and Pineapple varieties and in May 
for Valencia. The March samples constituted the last for the early 
and midseason varieties, because this w^as long after the picking season 
for Parson Brown and rather late for Pineapple oranges. The Valen- 
cia oranges sliowcd lower carotenoid content in the peel on eacli of the 
sampling dates subsequ(*nt to May. In this variety, too, the fruit 
had passed its most marketable stage at the time of the last sampling. 

The next question arising was whether deeper colored fruits, such 
as tangerine and Templ(‘. oranges, show a similar increase in carotenoid 
content of the rinds during maturation. These particular fruits wejre 
sampled at but two intervals, (1) when mature green and (2) when 
full-colored (degreened on the tree). The results will be found in 
table 1. The green fruits of these two varieties contained a greater 
(piantity of carotenoids than similar fruits of the Citrus sinensis type 
(Parson Brown, Pineapple, and Valencia). Nevertheless the fully 
colored fruits showed still higher quantities of carotenoids. The tan- 
gerine orang(is doubled their carotenoid content in attaining full color 
while fruits of the Temple variety more than tripled theirs. 


Table \. Pladid pigment content of the rinds of mature green and full-colored 

tangerine and Temple oranges 


Variety and stage 

Date 

Total chlo- 
rophyll 1 

Total ca- 
rotenoids > 

"I’angerine: 


Milligrams 

Milligrams 

Mature green 

Oet. 31,1936 

14. 583 

4. 083 

Full-trolored - 

'reinple: 

Dee. 9, 1936 

.000 

8. 925 

Mature green - 

Doc. 7, 1936 

3. 525 

2.732 

Full-eolored 

Jan. 6.1937 

.000 

9.500 


' Expressed as milligrams per 100 gui. of fresh i)cel. 


EFFECT OF ETHYLENE ON PLASTID PIGMENTS 

Mature green fruits w(rre given ethylene treatment under conditions 
that simulated commercial conditions as far as possible. A coloring 
room was equipped to maintain a constant temperature of 27.8° C. 
and a relative humidity of 88 percent. The air in the room was cir- 
culated by means of a fan, and ethylene was introduced at the rate of 
0.532 cubic feet per 24 hours. Carotenoid determinations were made 
on a sample before ethylene treatment, and on comparable samples 
after various periods of treatment. The results appear in table 2. 
In commercial practice the eth 3 dene treatment is rarely applied for 
more^than 2 day^s and under no circumstances would the application 
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standards of maturity. The carotenoids in the peel of this variety 
dropped in February, rose in May, and dropped again in July. ; From 
the results with both early and late varieties, it is apparent that max- 
imum yellow color is not always correlated with maximum quality. 

The effect of ethylene on green orange rinds is to stimulate degreen- 
ing. Carotenoids in the peel showed no significant changes as a result 
of ethylene treatment. Frequently the exposure of oranges; to the 
ethylene treatment for several days in the fall appears to enhance the 
yellow color. A close inspection reveals that this effect is produced by 
deeper-coloredyellow splotches distributed irregularly over the surface 
of the rind. Chemical analyses indicated that there was no increase 
in actual carotenoid content. 

The above results for oranges are quite different from those previ- 
ously reported for limes, lemons, arid grapefruit (7). In these lighter- 
colored citrus fruits there was a decrease in carotenoids as they 
degreened and this decrease occurred whether the fruit was degreened 
by ethylene or was permitted to degreen on the tree. With all types 
of citrus fruit investigated, however, the effect of ethylene appeared 
to be merely to stimulate chlorophyll decomposition and no change 
was produced in the fruit that would not have occurred in nature in a 
somewhat longer time. 

It is interesting to note that in the earliest samples of oranges the 
methanol fraction (xanthophyll) of the carotenoids predominated, 
whereas the final samples showed a predominance of the petroleum- 
ether fraction (cryptoxanthin, carotene). In the unevenly colored 
fruit, resulting from unequal exposure to sunlight, the deeper-colored 
fruit or the deeper-colored side also showed a predominance of the 
petroleum-ether fraction. Inasmuch as cryptoxanthin is the only 
plant carotenoid beside the carotenes that has been reported as a pre- 
cursor of vitamin A, it would be interesting to determine whether the 
petroleum-ether fraction also shows similar variation in the edible 
portion of the fruit. 

SUMMARY 

Adaptation of the Clifford photometer for quantitative determina- 
tions of the plastid pigments is described. 

Periodic analyses were made on the rinds of early (Parson Brown), 
midseason (Pineapple), and late (Valencia) Florida oranges from the 
time they were mature green until long after their marketing season. 
The results show that as the chlorophyll decreased the carotenoids in- 
creased and continued to increase after the chlorophyll had disap- 
peared. 

Fully colored tangerine and Temple orange rinds contained a 
greater quantity of carotenoid pigments than the rinds of the maturi^ 
green fruit. 

Ethylene treatment of mature green oranges stimulated decomposi- 
tion of chlorophyll without any significant effect on the carotenoid 
pigments. 

In the samples taken when the fruits were mature green the metha- 
nol fraction (xanthophyll) predominated in the carotenoids in the rind. 
Later, when the fruit had attained its highest carotenoid content, the 
petroleum-ether fraction (cryptoxanthin, carotene) was much higher 
than the methanol fraction. 
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Pineapple oranges selected from the northeast side of the tree in the 
spring owe their siij)eriority in color over those on the southwest side to 
the higher petroleum-ether fraction of the carotenoids. This is true 
also when there is a difference in color of the two sides of the same 
fruit. 
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PRODUCTION OF EPINASTY BY EMANATIONS FROM NOR- 
MAL AND DECAYING CITRUS FRUITS AND FROM PENI- 
CILLIUM DIGITATUM > 

By Erston V. Miller, 'physiologist^ J. R. Winston, senior horticulturist, and 
D. F. Fisher, principal horticulturist, Division of Fruit and Vegetable Crops and 
Diseases, Bureau of Plant Industry, United States Department of Agriculture ^ 

INTRODUCTION 

It is common knowledge that mature green citrus fruits will even- 
tually lose their green color if held long enough in air at room temper- 
ature. When mature green Key limes are shipped to market they 
frequently arrive at destination fully colored (yellow) and with the 
receptacles loosened in a manner similar to that occurring when citrus 
fruits are held in coloring rooms. Furthermore, it has been frequently 
observed in the Horticultural Field Laboratory at Orlando, Fla., that 
wlien a high percentage of decay occurs in stored lots of mature green 
oranges the surviving fruits degreen at an accelerated rate. 

The present investigation was undertaken for the purpose of deter- 
mining the reason for the aforementioned yiliysiological phenomenon. 

REVIEW OF LITERATURE 

A considerable number of plant tissues have been shown to evolve 
a gaseous substance that causes epiiiasty in test plants such as the 
potato or tomato. It was suggested by Botji's (i) ^ and by Huelin 
{8), in 1933, that this gaseous substance might be ethylene. During 
re(Hmt years scvc'ral investigators have conducted chemical tests that 
serve to prove the correctness of this assumption. In 1933 Kidd and 
W^>st {10) reported experiments wdiich showed that the physiologi- 
cally active substance in apple vapors was a hydrocarbon, and tlu^ 
work of Smith and Gane {IS) during the same year indicated that the 
substance might be an olefine or some complex hydrocarbon. In 1936 
Elmer (4), analyzing the volatile products of apples w^hicli are ab- 
sorbed by fuming suifuric acid, concluded that the hydrocarbon was 
ethylene rather than one of its homologues. Hansen and Hartman 
(7)," in 1935, as w^ell as Denny {3), in 1938, eliminated the possibility of 
butylene and propylene by filtering the gaseous emanations through 
87-percent sulfuric acid and removed any acetylene that might be 
present by absorbing the gas in mercuric nitrate and liberating the 
pure ethylene by adding hydrochloric acid. As early as 1934, how- 
ever, Gane {5) had ratlier conclusively proved that apples evolve 
ethylene. The method consisted of absorbing the gaseous emanations 
in fcromine and converting the ethylene dibromide thus formed into 
crystalline diphenyl-ethylene-diamine. Niederl, Brenner, and Kelley 
{12) and Niederl and Brenner {11), working wdth bananas, confirmed 

> Received for publication November 29, 1939. 

» The writers wish to acknowledge the assistance of A. Peyton Mussehvhile in conducting these experi- 
ments. 

s Italic numbers in parentheses refer to Literature Cited, p. 277. 
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Gane’s results bv determining ethylene as silver and copper acetylide. 

It is reasonably certain, therefore, that ethylene is the gas involved 
in the production of epinasty by the gaseous emanation from plant 
tissue. The list of materials reported as sliowing positive results 
includes the fruits of the apple, peach, pear, plum, banana, avocado, 
loquat, tomato, cantaloup, squash, and eggplant, as well as seed, 
flowers, shoots, and leafy stems of certain other plants. 

Cousins, as reported by the Jamaica Department of Agriculture 
(»9, p. 7) in 1910, stated that gaseous emanations from oranges acceler- 
ated the ripening of bananas; to the writers' knowledge, this is the 
only work suggesting that ethylene might be evolved by citrus fruits. 
Elmer (J) reported no inhibition in the growth of potato sprouts 
when exposed to the emanations of oranges, bananas, or decayed 
apples. 

Not a great deal is known concerning the physiological properties 
of emanations from fungi. Gane {6) found that the growth of pea 
seedlings was inhibited by the atmosphere from baker’s yeast when 
the culture was grown aerobically. Although this toxic substance 
resembled ethylene in that it could be removed by absorption in 
bromine water, it did not stimulate the ripening of bananas. Denny 
{2) lists the following lower organisms as not producing epinasty; 
Baker's yeast, growing on sugar; Rhizopus nigricans Ehr., in potato- 
dextrose agar; and the fully expanded pileus and stalk of two species 
of mushrooms. 

MATERIALS AND METHODS 

The following citrus fruits were used in these investigations: Fully 
colored fruits of Parson Brown, Pineapple, Valencia, and seedling 
oranges {Citrus sinensis (L.) Osbeck); tangerines {C. nobilis var. 
deliciosa (Tenore) Swingle); partly colored and fully colored grape- 
fruit {C. grandis (L.) Osbeck); Villafranca lemons (C. limonia Osbeck) 
and green and fully colored Key limes {C. aurantifolia (Christm.) 
Swingle). All of these fruits, except the Key limes, were grown in 
central Florida, either in the vicinity of Orlando or within a radius of 
40 miles. Key limes were produced in Key Largo and shipped to 
Orlando by express. In most cases the fruit was placed under experi- 
mental conditions as soon as it arrived at the laboratory. When this 
was impracticable, it was stored overnight either in an open shed or 
in the basement of a building having no outlets for illuminating gas. 
All experiments were conducted in tliese rooms in order to eliminate 
possible contamination with ethylene from illuminating gas, coloring 
rooms, or other sources. 

The following pure cultures of fungi were studied: Diplodia 
natalensis Ev., Diaporthe citri (Fawc.) Wolf; Penicillium digitatum 
(Fr.) Sacc.; and Aliernaria citri N. B. Pierce, These organisms are 
among those most frequently isolated from fruit decaying in storage. 

The technique employed for testing the citrus fruits was as follows: 
Potassium hydroxide pellets were first placed on the bottom of a 5- 
gallon wide-mouthed bottle to absorb the carbon dioxide produced 
by the fruit during the course of the experiment. The test plant was 
then supported above the potash by means of a coarse wire-mesh 
platform. The fruits were stacked around the test plant, which 
consisted of a potted tomato, potato, or sunflower plant, or a potato 
cutting in water. The jar was closed by means of a metal top and a 
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rubber gasket. The numbers of fruits used were as follows: 100 
limes, 24 oranges or lemons, and 6 to 12 grapefruits. When decaying 
fruit was used the number was reduced to 5 or 10. 

Two types of decaying fruit were used: (1) Fruit inoculated with 
th(> green mold organism (Penicilliurn digitatum) and (2) fruit show- 
ing stem-end decay caused by Dvplodia natalends and Diaporthe citri. 
Oranges were inoculated witlv green mold by washing the fruit with 
mercuric chloride and implanting the spor(>s in the sides of the fruit 
by mt^ans of a sharp scalpel. Attempts to inoculate fruit with stem- 
(uul decay organisms were abandoned because of occasional contami- 
nations with Perdcilliuni after the skin was once ruptured. Instt'ad, 
sound fruit was held in closed containers until definite and unmistaka- 
ble stem-end rot lesions appeared, which were the result of natural 
infection. Sound fruit was selected from the same lot for the control, 
thus insuring identical treatments for both series. Cultures made of 
th(‘. de^cayed fruit at the close of th(‘ experiment showed approximately 
50 p(‘rccnt of Diplodia natalensu and 50 percent of Diaporthe citri. 

The fungi tested were grown on potato-dextrose agar in 1-liter 
Erlenmeyer flasks. The ginuTal scheme for the experiment was 
similar to that followial for the fruit. The metal top of the jar was 
removed and replaced by the open, inverted culture flask. The 
flask was fitted within the lu^ck of the jar with two large rubber bands 
and weighted down with a brick, 

RESULTS 

Epinasty of potato leaves was produced by all of the citrus fruits 
tested, i. e., fully colored Parson Brown, Pineapple, Valencia, seedling, 
and tangerine oranges; partially and fully colored grapefruit; Villa- 
franca lemons; and green and fully colored Key limes (fig. 1, A and B). 
During the winter when the temperature was between 15® and 20® C., 
approximately 12 to 24 hours was required to produce definite symp- 
toms on the test plants. During the spring months when the tem- 
perature was around 25®, epinasty appeared within 4 or 6 hours. 
Similar results were obtained when potato cuttings, tomato plants, or 
sunflower plants were used for tests. 

In several experiments potato plants were exposed separately to 
emanations from the peel, pulp, seeds, and juice of grapefruit. Only 
those plants exposed to the pulp showed epinasty. Typical oil injury 
was produced by the peel. Identical results were obtained with the 
peel, pulp, juice, and seeds of oranges. The results are shown in 
figure 1, C. . 

When grapefruits or oranges were inoculated with Penicillium 
digitatum * and tested for ethylene emanations it was found that 
decaying fruit produced epinasty more quickly than did the normal or 
sound fruit. The same was true when oranges showing stem-end rot 
lesions were used. Typical results with green mold decay are shown 
in figure 2. In figure 2, A, the photograph was made after 3 hours. 
At that time the plant in jar c, which was surrounded by decaying 

* In an intraofflee communication, E. M. Harvey, of this Division, rep()rtnd that he noted epinastic 
respon.ses of potato plants when these were placed In the rooms of a commercial lemon-storage building, but 
because of the abundance of the decayed fruit present he suspected that ethylene might be evolved by the 
rot-producing fungi rather than by the fruit itself. 
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fruit, was the first to show epinasty. After 5 hours the plant with 
the sound oranges (fig. 2, jar 6) showed epinasty also. The results 
with stem-end rot are shown in figure 3. In figure 3, -4, the photo- 
graph was made after 4^ hours. Again, the plant in jar c, with the 
decaying fruit, showed epinasty, while the plant with the sound fruit 



Figure 1. — Epinasty of potato leaves caused by emanations from oranges and 
limes and from various grapefruit tissues. A: a, Control; 6, exposed to Parson 
Brown oranges; c, exposed to Pineapple oranges; d, exposed to Valencia oranges. 
B: a, Control: 6, exposed to mature green Key limes; c, exposed to fully colored 
Key limes. C: a, Control; 6, exposed to pulp of one grapefruit; c, exposed to 
seeds of one grapefruit; d, exposed to juice of one grapefruit. 






Figure 2. — Epinasty of potato leaves caused by sound and decaying Valencia 
oranges. A: o, Control; 6, exposed to sound oranges; c, exposed to oranges 
inoculated with PeniciUium digitatum. Photographed after 3 hours. B: Same 
as At but photographed after 5 hours. 
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(jar h) still appeared normal. The photograph in figure 3, B, was 
made after 16 hours. At this time symptoms of epinasty also appeared 
in the plant exposed to the sound fruit (jar 6), although the effect was 
not so pronounced as with the decaying fruit (jar c). In figure 4, A, 
are shown the effc'cts of the emanations from sound and decayed 
orang('s on sunflower plants. After 20 hours’ exposure, plant c (ex- 




P'ltsuRE 4. — Epinasty caused by emanations from soiuid and decaying Valencia 
oranges and from pure cultures of Penicillutm digitatwm. A and /f, Sunflow^er 
plants. Aj Effect of Valencia oranges: a, Control; b, exposed to sound oranges; 
c, exposed to oranges showing stem-end decay. B, Effect of Penicillhim digita- 
turn: a, Control; 6, exposed to P. digilatum. C, Tomato plants: a, Control; 
6, exposed to P. digilatum. 

posed to oranges showing stem-end rot) showed more pronounced 
epinasty than plant 6 (wdth sound oranges). Plant a is the control. 

Evidence was obtained showing that pure cultures of Penicillium 
digitatum are capable of producing epinasty in potato, tomato, and 
sunflower plants. In figure 4, /i, is shown the effect of emanations 
from tliis fungus on sunflower plants. Plant a is the control, and 
plant b is the treated plant. In figure 4, C, wall be found similar 
results with tomato plants. Similar results were obtained repeatedly 
with all test plants used. 
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Results with pure cultures of Diplodia natalensis, Diaporthe citri, 
and Alternaria citri were either negative or inconclusive. 

DISCUSSION 

In view of the large number of fruits that have been shown to 
evolve ethylene, it is not surprising that citrus fruits may now be 
added to tlie list. From observation of the degrecning of oranges, 
lemons, and grapefruit with ethylene, the writers have long believed 
that ethylene might be a natural byproduct of metabolism in citrus 
fruits. Earlier investigators had suggested that ethylene degreening 
of citrus fruits merely accomplished what was brought about by 
nature in a somewhat longer time. The results obtained in the 
present investigation tend to verify tliis statement. 

The question of the effect of essential oils naturally arises because of 
the large quantities present in this type of fruit. Tests made with 
cold-pressed orange oil indicated that these substances were not respon- 
sible for the cpinastic response of the test plants. Similar results 
have been reported by Denny (3) and Elmer (4). 

The apparent increased evolution of ethylene bv decaying fruit is 
a little difficult to explain. It is generally conceded that maximum 
evolution of ethylene by apple fruits occurs during the ‘‘climacteric.^’ 
This stage in the life process of the apple is coinciclent with the maxi- 
mum rate of production of carbon dioxide and corresponds to the 
period when the apple is fully ripe. It is also known that the rate of 
carbon dioxide production rises again when decay or l)reak-down 
begins. It seems pasonable to suppose that ethylene production 
should increase again with the second peak in carbon dioxide produc- 
tion. A practical application is at once suggested. The presence of 
decaying oranges in a storage room may be instrumental in hastening 
senescence in other fruits in the same container or even in the same 
room. 

The evolution of ethylene by fungi presents a relatively new field 
of investigation. Although Penicillium digitatum is the only organism 
of those studied that gave positive results, it is very probable that 
others may be capable of evolving ethylene. Penicillium is a fast- 
growing fungus and produces spores very readily. It is possible that 
during the formation of fruiting bodies a fungus, like an apple, may 
attain a climacteric. 

A practical question is suggested here as in the case of the decayed 
fruit in storage. The storage life of surrounding fruits might be 
affected by the ethylene evolved by fungi. In view of the fact that in 
these experiments a relatively small q^uantity of the fimgus jjroduced 
the same effect as 24 oranges, the significance of decaying fruit in stored 
lots may be even greater than has been previously suspected. 

SUMMARY 

The production of epinasty in test plants, such as the potato or 
tomato, is generally conceded to indicate the presence of ethylene in 
the emanations of plant tissues. 

Citrus fruits were tested for ethylene evolution, by using this bio- 
logical^ method, and positive results were obtained with oranges, 
tangerines, limes, lemons, and grapefruit. 
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Oranges and grapefruit inoculated with Penieillium digitatum and 
oranges showing stem-end decay produced epinasty in the test plants 
sooner than did normal fruit under the same conditions. 

Positive results were obtained also when pure cultures of Penieillium 
digitatum were tested for evolution of ethylene. 
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A NEW VIRUS DISEASE OF SNAP BEANS' 


By Wilbert A. Jenkins ^ 

Associate hotanisty Georgia Experiment Station 

INTRODUCTION 

In June 1938, while inspecting a field planting of varieties and 
hybrid progenies of snap beans {Phaseolus vulgaris L.), the writer 
discovered a very destructive and, apparently, undescribed disease 
During the growing season, of 1939 the disease appeared again and 
was even more destructive than in 1938. This paper presents some 
preliminary results of a study of the symptomatology, etiology, trans- 
mission, and host range of the disease. Since the disease has thus 
far not been given a common name, the writer proposes the desig- 
nation ^^black root.^^ 


REVIEW OF LITERATURE 

Several virus diseases of snap beans have been described and their 
etiology listed as Phaseolus virus 1, 2, and 3 (1,3, 5, 6); yet other 
viruses are known which, although they are classified in other taxo- 
nomic categories, j)roduce disease on snap beans. It is this last- 
mentioned group of viruses that produce symptoms on snap beans 
most nearly approaching those of black root. 

Smith (60, 2^* states that Datura^ virus 1 causes a systemic in- 
fection in snap beans accompanied or followed by a vascular necrosis 
in the stem, and the entire plant is killed. He makes no mention of 
external symptoms or of vascular necrosis of the roots, pods, and 
leaves. 

Nicotiana virus 12 is reported (6, 8) to cause necrotic spots o^the 
loaves and necrosis of the veins on snap beans. In addition, syst^ic 
infections occur which are characterized by sunken lesions on the 
stems and vascular necrosis of the stem and roots. No mention is 
made of symptoms on the pods. 

Whi])plo and Walker found that Cucumis virus 408 (7) produces 
disease symptoms on 21 species in 5 families, including 4 varieties of 
Pisum sativum and 39 varieties of Phaseolus vulgaris. Among the 
latter are varieties resistant to Phaseolus virus 1. Mild streaking of 
the stem and mottling of the leaves of young plants were produced on 
peas; while distinct mottling, leaf distortion, and stunting occurred 
on bean and, with one substrain, a severe streak. No mention is 
made of vascular necrosis of the roots, pods, and leaves.^ 

J Received for publication August 11, 1939. Paper No. 01. Journal Series, Georgia KxiJcrirnent Station. 

8 The writer wishes to acknowledge the suggestion.s given by Drs. B. B. Higgins and J. L. Weimer. He 
also wishes to thank M. M. Murphy, Jr., for making the photographs. 

' Italic numbers in parentheses refer to Literature Cited, p. 288. 

* Through correspondence with Whipple, the writer has learned that although Cucumis virus 408 pro- 
duces some necrosis of the root and lower hypocotylon several hosts, necrosis is not regarded as a descriptive 
symptom. 
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In the field, the first notiecable symptom of the disease is an incip- 
ient wilting of the leaflets, nsiially near the apex of tlie plant, during 
blossoming or early podding time. This symptom is too easily over- 
looked, however, to be of much practical importance. The first 
symptoms of diagnostic value appear soon after the incipient wilting 
and consist of a yellowing of the lower leaves followed or often ac- 
companied by a permanent wilting of a part or all of the plant (fig. 1). 



Figure 1. — Photograph of a diseased bean plant in the field showing early phase 
of wilting. Note the abnormally dark-colored sutures of the pods in the fore- 
ground. 


Severe chlorosis may precede or accompany wilting, apparently de- 
pendent on or coincident with the degree of vascolar involvement. 

Closer inspection shows a brownish-red to purpjifiih-black streak or 
streaks running lengthwise of the stem above the cotyledonary node 
(fig. 2, B,a), 

Wlien the epidermis and outer cortex are peeled back, or the stem 
is cut in cross section (fig. 2, S, 6, and (7), the streaks can be seen as 
an intense, dark discoloration of the area between the inner cortex 
and outer xylem. S^^tly speaking, the inner phloem and outer 
xylem are most intensmy discolored during the early phases of the 
disease, but later the discolorations may extend deeper into the 
xylem and even to the pith by way of the xylem rays. The external 
appearance of the streaks is due to the masking effect of the chloren- 
chyma of the cortex rather than to a surface lesion. 

Well-defined external streaks are also evident on the lower hypo- 
cotyl, and, in cross section, the vascular elements are intensely dis- 
colored in this atea (fig. 2, C). The writer has never^observed any 
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external indication of a water-soaked condition along the streaks. 
Some times the streaks are confined to one side of the stem and the 
organs on the affected side die. Cross sections of such stems show 
the vascular discoloration to be confined to the vascular elements in 
one side of the stem (fig. 2, B, b). Often the discoloration may cross 
over to the opposite side of the stem at a node, and the plant parts 
free from discoloration may continue to live, at least for a time. 
Under such conditions of limited vascular involvement, certain plants 
may survive long enough to mature viable seed, a point which will be 
discussed later. Pole varieties often exhibit considerable discolora- 



FiGiiRE 2. — Sections, unstained, of disease plant parts: yl, Cross sections of dis- 
eased pods in the “snap bean” stage; a, Limited amount of vascular discolora- 
ation; 6, and c, severe vascular involvement and mode of entrance into the 
seed. B, Plane and cross sections of diseased stems; a, Plane, surface view of 
streaks along the stem; 6, cross sections showing fairly limited vascular involve- 
ment. C, Cross sections of diseased (lower) hypocotyls, showing intense 
vascular discoloration, inner bark, and outer xylem, as well as varying degrees 
of vascular flecking. 

tion of tho vascular elements of the median axis of the plant, but the 
disease is apparentljr confined mostly to this portion. This condition 
results in rapid killing of J;he terminal *h-unner/^ while other parts of 
the plant are only slightly affected, even over a considerable period of 
time. 

Under certain other conditions of generalized infection, entire 
plants may w^t rapidly, apparently out of proportion to the amount 
of vascular discoloration usually associated with the death of plants 

220804—40 5 
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or of plant parts. This observation naturally raises the question as 
to how closely infection and discoloration may be correlated. 

The diseased parts of the plant, except for the leaves and young 
pods, always remain firm after death, but are in a rather desiccated 
condition. 

On the older leaves, aside from early symptoms of incipient wilt- 
ing, there usually appears more or less severe cldorosis (fig. 3, C). 
The color becomes pale at first, but rapidly fades to yellow, with some 
green remaining in and bordering the veins. These symptoms are 
accompanied by a definite flagging of young leaflets, followed by a 



Figure 3.^ — A, Normal leaflet from a healthy plant; By diseased pods showing 
the slightly darkened sutures; C, chlorotic leaflet from a diseased plant. 

I iermanent wilt wliich usually begins at the tip or on one side of the 
eaflet. Under certain conditions of apparently slow death, the 
leaflets fade to yellow and finally to a parched brown color and fall 
from the plant. Under other conditions of rapid death, the leaflets 
wilt and dry out and curl rapidly without undergoing chlorosis. 
Sometimes the pulvini appear translucent but never water-soaked. 
The petioles do not flag but characteristically remain rigidly upright. 
Vascular discoloration is evident in the petioles and under certain 
conditions extends visibly into the veins and veinlets of the leaflets. 

A careful inspection of leaflets from diseased plants, particularly 
when the light is favorable, shows a distinct mosaic pattern. The 
^mptoms are not so pronounced as in the case of true bean mosaic. 
There is no puckering, curling, or other distortion of the lamina; 
only a well-defined mosaic pattern of pale and dpk-green areas, 
more or less in^ a checkerboard pattern. On standing m water, or 
when wet by rain or heavy dew, the light areas become water-soaked 
in appearance. 

Tne streaks. also enter the peduncles and pods, but on the pods 
external symptoms appear omy along one or both sutures; never 
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elsewhere. Here, tlie chlorericliynia again masks the color, causing 
it to appear as a slight anthocyanescence (fig. 3, B), "V^lien the 
chlorenchyma is removed, the vascular elements of the sutures and 
the lateral x>od >valls arc intensely and more or less generally dis- 
colored, dei^ending on the degree of infection. Cross sections of the 
diseased pods show a variable distribution of vascular discoloration 
(fig. 2, A, a, 6, c). When young jiods become infected tliey shrivel 
considerably, finally become extremely hard and brittle, but do not 
rot. In cross section they appear intensely discolored throughout. 
Somewhat older jicds, in the snap-bean stage, generally show a more 
oi)cn distribution of vascidar iliscoloration, and when severely in- 
fected the ^^pulp’’ sometimes i)resents an inky appearance as a result 
of its trail slucence and the reflection of the vascular discoloration. 
Young seed in severely infected pods are blasted. They often 
present a slimy appearance but do not rot. 

Vascular discolorations can also be traced into the seed by way of 
the funiculus (fig. 2 A, 6, c). If the ])lant and jiods arc not too 
severely infected, viable seed are often matured. Wliite seed coats 
show external yellowish discolorations wldlc self-colored seed coats, 
particularly black ones, become severely flecked with rust or deep 
buff -colored areas, i. e., color breaks. 

Externally, diseased roots show no other evidence of infection than 
a generalized darker color, although in severe cases the taproot may 
Jippear almost black. Here, as on the above-ground parts of the 
plant, not all members of the root system are affected. '^Fhe tap- 
root, liowever, never escapes. In cross sections of diseased roots 
vascular discoloration is even more striking than in the above-ground 
l)arts, owing, perhaps, to the fact that there are relatively more 
vascular elements in the somewdiat older roots and xylem discolora- 
tion is more extensive. Roots that have ai>parently been dead for 
some time do not rot. 

PATHOLOGICAL ANATOMY 

As stated above, the firet visible evidence of vascular involvement 
aj^pears as a browm to almost black discoloration of the tissues lying 
between the inner cortex and the outer xylem. The cambial area is 
an exception, at least for a considerable period after the other ele- 
ments are quite discolored. In the iii^per stem, the discoloration does 
not usually extend very deep into the xylem, while in the lower 
hypocotyl and taproot extensive flecking may finally extend deep 
into the wood and even follow the xylem parenchyma almost into 
the center of the axis. Thin cross and longitudinal sections of 
diseased tissues show no evidence of a morphological break-down of 
any tissues, but gummy substances are present, as well as tyloses, 

} )articularly in the xylem vessels. Tlie discoloration appears to be 
ocated principally in the walls of the affected vascular elements. 
Where gum and tyloses are present they are usually discolored. 

From the evidence in hand, it appears that the degree and rapidity 
of wilting of diseased plants, while contingent on the severity of 
infection, is primarily correlated with the extensiveness of gum and 
tyloses formation. The root system is mechanically blocked and 
thus rendered physiologically inadequate to supply the plants with 
water at a time when this substance is in great demand. To what 
extent the virus alone is able to accomplish this result and how far 
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micro-<)rganisms and other physiological factors may be concerned 
injthe process, are yet to be determined. It is a matter of common 
observation that diseased plants will wilt rapidly in the presence of 
abundant water. 

ETIOLOGY 

Considerable difficulty was encountered in the determination of 
the etiology of this disease. From the symptoms, development of 
wilting, field distribution, spread, etc., it appeared logical to suspect 
a fungus or bacterial pathogen. Accordingly, numerous isolation 
experiments were conducted in which various teclmiques, parts of 
the plant, degree of infection, early and late symptoms, media, etc., 
were used. Although the sum total of organisms isolated was large, 
no one organism ever appeared consistently either in series or from 
time to time. Among the various organisms isolated were: Bacteria, 
FusaHum spp., Neocosrnospora sp., Aspergillus spp., Penicillium spp., 
Sclerotium rolfsii Sacc., RhizocUmia solani Kuhn, Macrophomina 
phaseoli (Maubl.) Asliby, and Pythium hutleri Subr. Representatives 
of all isolates were inoculated separately into the roots and hypocotyls 
of young bean plants, and were also used on appropriate media 
(mostly sterilized oats) to infest sterile soil into which beans were 
subsequently planted. All the work was carried out under controlled 
conditions in the greenhouse. Of the organisms used, those patlio- 
genic to beans always produced characteristic symptoms, but in no 
case did the resulting disease display the symf)toms of the black root 
disease. As a final effort to find a pathogenic organism, certain bean 
root nodules which appeared somewhat atypical were crushed in 
sterile water and injected into the hypocotyls of healthy plants. 
This inoculum lilvcwisc failed to produce symptoms of the black root 
disease. 

Because of the peculiar distribution of organisms in the plant parts 
used in the isolation work, and their sporadic appearance on all the 
plant parts (except from the pods and from the young seed removed 
aseptically from fresh diseased pods, which consistently remained 
sterile in the isolation work), it was thought advisable to try some 
gross inoculation work. Accordingly, soil was potted directly from 
beneath dead and dying bean plants in the field, and bean seed was 
planted in it immediately. This soil contained large quantities of 
broken, diseased roots, nodules, etc. In conjunction with this experi- 
ment, composted, sterile soil was thoroughly mixed with freshly cut, 
diseased plant parts, including ppds, stems, leaves, and roots. Bean 
seeds were planted in this soil immediately after mixing. All pots 
were covered with insect cages before or just after the seedlings 
began to emerge, and the pots were subsequently watered from the 
bottom so that the cages would not need to be opened. In no 
instance did any of the plants develop disease symptoms like those 
of the black root disease. In fact, the only disease that did develop 
was due to Pythium hutleri, 

TRANSMISSION 

The nature and the number of the inoculation trials with micro- 
organisms, all of which failed to produce the disease under the con- 
ditions of the experiments, led the writer to the conclusion that the 
disease is due to a virus. The following experiments were accordingly 
conducted to determine the mode of transmission. 
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Several sweepings of diseased and adjacent bean plants were made 
in the field, and from 3 to 12 insects of 8 different genera were trapped. 
These insects were brought immediately into the laboratory, separated, 
and caged by species on separate healthy young bean plants growing 
in sterilized composted soil. The insects ® so test(^d as possible 
vectors were; Spotted cucumber beetle {Diabrotica duodecimpunctata 
(Fab.)); bean leaf beetle {Cerotoma trifurcata (Forst.); three-cornered 
alfalfa hopper {Stictocephala festina (Sav)) ; Kapid plant bug {Adelplio- 
coris ra'pidus (Say)); tarnished plant bug {Lygus pratensis (L.)); a 
broad-headed bug (Coriscus pilosus (H.-S.)); a member of the chinch 
bug family (6^eocom punctipes (Say)); and a small brown leaf hopper, 
not determined. 

With the exception of one doubtful case, none of the insects trans- 
mitted the disease under the conditions of the trials. In this case, 
out of several plants infested with the tarnished plant bug, a single 
plant dev clo])ed sjmiptoms characteristic of the disease. Although 
this single case may be significant, the presence of the disease might 
be explained on the basis of an infected seed. At least the experiment 
must be repeated with large numbers of both plants and insects before 
it can be stated definitely that the tainished plant bug is a vector 
of the disease. 

In conjunction with the insect studies, various types of grafts were 
tried in an effort to transmit the disease, but owing to the difference 
in ages of tlu^ scion and host tissues, or to technique, no union of 
tissues nisulted. These unsuccessful grafts likewise failed to transmit 
the disease. In certain cases, wdxen fresh diseased tissue was inserted 
under the bark and into wounds in the hypocotyl of healthy young 
plants, discoloration of the vascular tissues was evident for a few 
centimeters beyond the wound afto a week; but the experiment had 
to be dis('nntinuod before completion because of a serious infestation 
of white fly {Aleurodes sp.). 

The only successful artificial transmission of the disease was accom- 
plished by hypodermic injections of juice from fresh, diseased pods. 
The pods in the snap-bean stage were brought to the laboratory and 
immediately crushed in a sterile porcelain mortar with a porcelain 
pestle. The juice, undiluted, was filtered through several thicknesses 
of cheesecloth to remove the plant parts, poured into a glass hypo- 
dermic syringe, and injected immediately into the hypocotyls and 
stems of jroung, healthy, caged bean plants in the greenhouse. 

When injected on June 26, 1939, the bean plants were just showing 
the first compound leaf. On July 10, flow^er buds wero beginning to 
form and the vascular system of the plants showed faint discolorations 
which extended 2 to 3 inches above and below the lowest and the 
highest of the needle punctures. On July 17, certain inoculated 
plants were showing fairly intense vascular discolorations up through 
the second compound leaf and faint vascular discolorations almost 
to the tip of the plant. Meanwhile, vascular discolorations had pro- 
gressed downward to the base of the taproot. Although at this time 
the plants were not permanently wilted, certain leaves showed an 
incipient wilt, and the lower leaves exliibited symptoms typical of 
those of diseased plants in the field. A week later, the plants began 
to die. The leaves wilted and dried out in typical fashion, but for 

» The writer is indebted to T. L. Bissell, station entomologist, for the identification of the insects. 
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some reason as yet unknown to the writer, vascular discoloration never 
reached the intensity of typical field specimens. Greenhouse con- 
ditions with the attendant etiolation of the test plants was no doubt 
a considerable factor in this discrepancy. 

Attempted isolations from these inoculated plants showed no more 
evidence of bacterial or fungus pathogens than did diseased field plants. 
This phase of the work is being continued, as are also certain phases of 
the studies on pathological anatomy, in the hope that more informa- 
tion may be obtained on these two critical phase's of the disease. 

As regards natural transmission of the disease, the writer conducted 
an experiment the results of which appear highly significant. 

On eJuly 11, 1938, 25 seeds, which proved to be viable, were taken 
from diseased pods of a hybrid pole variety and planted in sterile soil 
in pots in the greenhouse. Shortly after the seedlings began to emerge, 
the pots were removed out of doors on account of the liigli temperature 
in the greenhouse. On Scptcmiber 2 reddish-brown streaks had ap- 
peared near the nodes on about 10 percent of the plants, and wh(»n the 
cortex was peeled back vascular discolorations were found which were 
identical with those observc'd on diseased i)lants in the field. The 
leaves arising from those areas showing streaks wilted and died. At 
the time of the last observation before death of the plants, they had 
not wilted permanently. Other work demanded the writer’s atten- 
tion at this time so that the course of the disease could not be followed 
in detail. However, the plants were seen again at a later date. At 
that time they were d(‘ad, or verv nearly so, and in this condition ap- 
peared identical with diseased fiefd plants at a comparable stage. The 
pods likewise showed typical symptoms, and a few seeds were saved. 

Seed- transmission studies are being continued. Seeds are being 
used from the plants mentioned above in an attempt to dc'termine, 
relatively, how many generations the virus can be transmitted tlirough 
the seed. 

HOST RANGE 

Thus far, because of the difficulty of transmission and the long incu- 
bation period of the pathogen, the host range has been determined 
from observations on natural infections only. 

The disease was first seen in the writer’s breeding plots on the third 
generation progeny of Wisconsin Refugee XMichella bean. It was 
next observed within a few days in a variety trial at Tifton, Ga.; this 
time on a commercial variety (Black Valentine pole). The seed of 
this variety had been secured the previous season from a commercial 
source. Subsequently, the disease was observed on practically all the 
commercial varieties in the writer’s variety trials and on numerous 
segregating progenies. Specific notes have been taken|^ the course 
of the disease on Black Valentine pole. Black Valeiliiiie (bunch), 
Wisconsin Refugee, and White Kentucky Wonder (IT. S. No. 3^ 

In addition to these snap-bean varieties, the writer has also found 
the disease on several naturally infected dwarf lima beans. In this 
case the seed was two seasons removed from the breeder. Unfortu- 
nately, the writer did not see the planting the previous year so that 
he is unable to state whether the disease was present on the plants 
the first year from the breeder. 
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DISCUSSION 

Of the virus diseases of snap beans that have been reported in the 
literature, those caused by Datura virus 1, Nwotiana virus 12, and 
Cucumis virus 408 (substrain) perhaps most closely approximate the 
disease herein descril)ed. Whether any relationship exists between 
any of these viruses and that of black root is not known. The litera- 
ture on Datura virus 1 on beans is very meager and the symptoms 
have not been described in sufficient detail to enable one to make an 
accurate comparison . 

The symptoms produced by AHcotiana virus 12 on snap beans, as 
they have been described differ in several important respects from the 
synii)toms of the bla(‘k root disease as tliey have been observed by the 
writer. For example, the writer has never observed necrotic areas 
on the leaflets or sunken necrotic lesions on the stems in plants showing 
typical symptoms of black root; yet these appear to be cardinal symp- 
toms of the disease caused by AHcotiarui virus 12. Moreover, vascular 
discoloration of tlie pod, a very prominent symptom of black root, 
has not been desci-ibed in connection with the former disease. 

Although Cucumis virus 408 (substrain) produces some vascular 
discoloration of tlic root and lower hypocotyl, this symptom is appar- 
ently not prominent enough to be regarded as a descriptive symptom 
of the disease; nor does it appear to extend throughout the vascular 
system of the plant as in tlie case of black root. 

Even thougli none of the diseases caused by viruses in other taxo- 
nomic (Categories produce symptoms on the snap bean identical with 
those of black root, several produce symptoms that are very similar. 
It is, therefore, evident that much cross-inoculation work must be 
done in order to determine whether or not any actual relationship 
exists between the viruses of one or more of these diseases and that 
of black root. 

A very sticking feature of black root, as previously mentioned, is 
tlie correlation between the stage of maturity of the host and the 
destructiveness of the disease. The writer has never found typical 
symptoms of black root in the field earlier than the blossom or young 
podciing stage of the host, although he has searched diligently through 
thousands of individual plants. It is not reasonable to suppose that 
the plants are susceptible only at this stage of their development. 
Numerous field observations, inoculation trials, and the instance cited 
of the apparent seed-borne nature of the pathogen indicate an extended 
incubation period. 

Whether the entire period intervening between inoculation and the 
time at whicli typical disease symptoms are evident may propeily 
bo termed an incubation period in the case of a virus disease is open 
to question. Certainly no other virus disease of snap beans, so far 
as the writer knows, has been reported as having such an extended 
incubation period. 

It is, of course, entirely conceivable that the symptoms exhibited 
by wilting and dying plants may in a sense be secondary manifestations 
of physicochemical changes only indirectly related to those which we 
visualize as virus activity. A more definite statement of this view- 
point must await the results of later research on certain details of the 
problem now under consideration. 

Whether the symptoms expressed by the writer in terms of * Vascular 
discoloration^' are in the same category as the symptoms on the bean 
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and on other plants affected by viruses and by various virologists 
termed ^hiecroses/' may, perhaps be a matter or internretation. In- 
sofar as the studies on the pathological anatomy of black root have 
extended, there is no evidence of tissue break-down or collapse, the 
usual physical signs of death of tissues. As stated previously, most 
of the discoloration is residual in the walls of the vascular elements; 
althoiigh in instances of abundant tyloses or gum formation, the cell 
contents are discolored. It is hoped that a more extensive study of 
the pathological anatomy of the disease will clarify the situation. 

SUMMARY 

What appears to be a new disease of snap beans in the vicinity of 
Experiment, Ga., is described. 

The symptoms consist at first of an incipient wilt of a part of the 
plant, followed by permanent general wilt of all the leaves and death; 
although under certain conditions parts of the plant may continue to 
live for a short time. Accompanying these symptoms is an extensive 
discoloration in the vascular system of the root, stem, leaves, and 
pods. The lower leaves exhibit a faint but distinct checkerboard 
pattern of light and dark areas. 

The disease has been transmitted by hypodermic injections of fresh 
juice from diseased pods in the snap bean stage and through viable 
seed from diseased pods. 

Thus far, experiments with insect transmission have given negative 
results except possibly in one instance in which the tarnished plant 
bug (Lygus pratensis) was used. 

The host range as thus far determined includes several varieties of 
bunch and pole beans, as well as a variety of lima beans. 

Work is being continued on certain phases of pathological anatomy, 
transmission, virus characteristics, and host range. 
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AN INTENSIVE STUDY OF RANGE DETERIORATION 


The northern salt desert country of western Utah, important as 
winter range for livestock grazing, is at present characterized by heavy 
injury to the plant cover, resulting in reduced forage production and 
a serious replacement of the most valuable forage species by plants 
largely unpalatable to livestock. Tliis condition was revealed by the 
n^sults of a recent range survey of the Intermountain Region^ by the 
Jnterrnountain Forest and Range Exiieriment Station. This survey 
gave unmistakable evidence of considerable deterioration of plant cover 
and excessive loss of forage values, and indicated that no small part of 
the deterioration was to be found on the winter ranges. 

In view of these findings, it seemed desirable to make an intensive 
study to ascertain the nature and causes of this condition as a basis for 
future management of the range. This paper deals with the data ob- 
tained in an intensive study of the plant associations on desert range 
near Milford, Utah (fig. 1), undertaken in 1933 and 1934, and checked 
in the field in 1935 and 1936. The associations studied are described 
in the light of their soil and climatic environments, and evidence is set 
forth relating tlieir condition to the effects of unrestricted grazing. 

The evidence of the data presented is substantiated by the almost 
unanimous assertions of explorers, such as Carte de Escalante (I, vj). 

and of old-time residents of this region, all indicating that 
in the brief span of one generation an unmistakable deterioration has 
taken place in the quality of forage as well as in the quantity produced. 
Many stockmen admit forage deterioration on desert ranges, but part 
of them, at least, hold drought to be the principal cause. This opinion 
is not borne out by actual drought data taken on desert areas of this 
region comparable with those on wliich the present study was pursued. 
A brief review of these data makes this clear. 

Precipitation records for the region from 1897 to 1936 are summar- 
ized in figure 2, C, combining the records of two stations, Modena and 
Frisco. Modena lies 35 miles to the south of Pine and Wah Wah Val- 
leys, in which the study was made, and Frisco is a few miles east of 
Wah Wah Valley. The temperature-precipitation graphs shown for 
these two stations (fig. 2, A and B) give evidence of general agreement. 
In later years, records at three other stations, Milford and Black Rock, 
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1 - 8HADSCALE - WINTERFAT - GRASS 
2-SHA080ALE - GRAY MOLLY 
S-RABBITBRUSH - WINTERFAT - GRASS 
4- WINTERFAT -GRASS 
8- WINTERFAT 


6 - SAGEBRUSH - RABBITBRUSH 

7- HOP -SAGE 

8- JUNiPER-PlfION OVERSTORY 
8- HORSEBRUSH - RABBITBRUSH 
10- SREA8EW000 

ft -PLATA (BARREN) 


Figure 1. — Map of Pine and Wah Wah Valleys and surrounding territory near 
Milford, Utah, where the present study was pursued, showing forage types and 
transects run. 


east and northeast of Frisco, and Garrison, to the northwest of Ante- 
lope Valley, have been in general agreement with those of Modena. 

A marked significance in the 1897—1936 precipitation curve in the 
study of the desert plant associations is in the two drought periods, 
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1897-1904 and 1928-35. Of these, there seems little question that the 
former was as long as the other and the more severe. It does not, 
however, stand out in the memory of ranchers of that day as a period 
of forage impoverishnxent. Supplemental feeding of range livestock 
was unknown at that time; yet fat cattle were obtainable at any season 
of the year. Fat sheep were marketed on the desert range in midwinter 
during the decade 1895-1904, according to the testimonv of resident 
stockmen. Such an achievement would have been utterly impossible 
in the recent drought period, and this very impossibility is eloquent of 
a radical change in the forage values of the range that is not wholly 
attributable to drought. The evidence is that in the early days the 
damaging effect of acute shortage of moisture in drought years was off- 
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YEARS 

Figure 2. — Annual fluctuations in precipitation (C) in Pine and Wah Wah Val- 
leys, 1897-1936; derived from records taken at Frisco (1897-1900) and Modena 
(1901-36). A and B are temperature-precipitation graphs of the two stations, 
averaging monthly mean temperatures and total monthly precipitation for the 
years of record. 

set by moderate utilization, which permitted restoration of the normal 
growth and nutritional function of the range plants. 

Drought is not new to the desert valleys of western Utah, but the 
present disastrous forage impoverishment is of comparatively recent 
origin. Since drought alone cannot account for the present deteriora- 
tion in plant communities, nor explain the alarming plant retro- 
gression, logic obviously points to another contributing cause sufficient 
to upset the vegetational balance, precipitate the downward trend in 
forage values, and in the two valleys in which the present study was 
made — subject to the same climatic vicissitudes but to widely different 
grazing use — to bring about the present great differences in plant 
mortality and forage volume. 
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How considerable these differences are may be realized from con- 
ditions in these valleys at the end of the recent drought period. The 
growth increment of all shrubs and grasses in both valleys was negli- 
gible in 1934, and in the normal growing season of that year the 
desert was almost destitute of green. Even the hardiest shrubs 
lost their leaves in the scorching summer days. Grass nibbled to 
the earth during the winter of 1933-34, in June, July, and August 
resembled stubble on badly abused pastures. Soil of thousands of 
acres of desert land, nearly barren of vegetation, seemed to be lifted 
away by tlie wind. Yet with good precipitation in 1935 and 1936, 
vegetation in the less heavily grazed valley made a comparatively 
abundant growth, whereas the heavily grazed plants in the other 
valley failed to respond except in small degree. 

Basic facts brought out by this study, indicating the successional 
trends in desert vegetation, the severe injury from overgrazing to 
the more desirable forage plants, and their replacement by species of 
low palatability, should serve as guides to further research as well as 
in the subso<(uent administrative control required to bring abou<. 
successful rei)roduction of the }>alatab](^ shrub species and to restorer 
the grasses. 

DETAILS OF THE STUDY AREA 

LOCATION OF STUDY 

Pine and Wah Wah Valleys, which comprise a portion of tlie desert 
range near Milford, Utah, were selected for the study because they 
are characteristic of the drier parts of the Great Basin area. Further- 
more, they are similar to each other in size, physiographic features, 
and plant associations; they support range types that are important 
throughout the desert area of the Great Basin; they represent dis- 
tinctly different degrees of grazing use, Wah Wah Valley being the 
more severely grazed; and also their grazing history is better known 
than that of pther desert areas. 

Being nearer to the oldest settlements in the region, Wah Wah 
Valley has been grazed longer, i. e., for about 70 years as compared 
with 50 for Pine Valley. In the late eighties sheep were brought in 
great numbers to Wah Wah Valley and grazed there along with the 
cattle already present, thereby beginning a long period of double use. 
Cattlemen in Pine Valley succeeded for about 10 years after this in 
maintaining a dead-line against sheep. Cattle grazing in the late 
nineties was probably heavy in Pine Valley, but forage use did not be- 
come seriously destructive until about 1910 or possibly 1915. During 
the last 20 years, or thereabouts, largely through the development 
of watering places, forage utilization in Pine Valley has exceeded 
proper use in nearly, though not quite, the same degree that has been 
common in Wah Wah Valley oyer a period of 50 years. During the 
drought period of 1928-35, deterioration of the palatable forage plants 
became serious enough to be well marked in all parts of Pine Valley. 

The climate of this locality is essentially typical of the drier parts 
of the northern shrub desert. The precipitation of less than 10 inches 
annually is generally dist^buted evenly throughout the year, although 
great fluctuations in thp annual and monthly precipitation are char- 
acteristic. Potential evaporation, as in all deserts, is high — greater 
than dOTnehes annually, so far as can be judged by records furnished 
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l)y the Weather Bureau for Lehi, Utah, situated near the desert edge. 
The diurnal range of temperatures is great at all seasons, extremes 
varying from a maximum of more than 100° F. in summer to a mini- 
mum of —35° in winter. The sky is so clear and the humidity so low 
that even in July the nights are cool. The frostless season of 4 months 
extends from mid-May to mid-September. Winds are fairly frequent 
and of rather high velocity. 

Major desert plant associations are characterized by four general 
features: (1) Preference for certain soil conditions both of physical 
nature and saline content; (2) a rather sharp delimitation of the asso- 
ciations; (3) the preponderance of one or two plant species; and (4) 
the general absence of annuals, except for early spring forms, which 
in years of ordinary moisture supply are found on the foothills. In 
contradiction to this generalization is Russian -thistle,’^ an exotic an- 
nual that has recently invaded badly deteriorated areas throughout 
the region. 

The position, extent, and number of the various plant associations 
of Pino and Wall Wall Valleys shown in figure 1 suggest a confusing 
complexity of vegetation, but there are only two major growth forms, 
the pihon-j uniper of the desert mountain ranges and the short desert- 
shrub type of the valley plains. The specific associations of the latter 
present a variety of color and differ in many details, but in their gen- 
eral feat ures they are remarkably uniform in their morphological adap- 
tations to th(‘ vicissitudes of tlie desert environment. 

(H)LLKCTION OF DATA 

Investigators in the field obtained data on soil, root penetration, 
a-nd vegetative status of the plant associations. Data on plant asso- 
ciations covered extent and habitat, species coirqiosition, degree of 
injury by grazing use, and the present condition of important species 
as measured, singly or collectively, by general vigor, presence or ab- 
sence of young plants, ajid replacement of palatable by less palatable 
forage species. 

A range survey of the two valleys gave the total number of square 
miles occupied by each of the 10 plant associations (table 1). Each 
association, several of which cover from 100 to 000 acres, consists of 
a mixed plant population of 10 to 20 species of which 2 or 3 are dom- 
inant. Within each association are often found plant communities of 

t o 5 or 0 acres in area (rarely 40 or 50 acres) occupied by one of the 
major species in nearly pure stand. Soil samples discussed later were 
taken in these plant communities; the influence of grazing, however, 
was studied by the status of individual forage plants or groups of 
plants, sometimes in one association and sometimes in several. 

Besides the general survey, detailed studies were made by examining 
the vegetation along one transect in Pine Valley and another in W^ah 
Wall Valley. In Pine V alley the transect extended a distance of 23 miles 
from the base of the Wah Wah Mountains in a southwesterly direction 
across the valley to the summit of Indian Peak (fig. 1). In all, 920 
circular point-observation plots (7), each with an area of 200 square 
feet, were established along the transect at intervals of 132 feet. In 
Wah Wah Valley, along a similar transect, observations on 180 plots 


< A list of scieutillc and common names of the plants discussed in this paper is given on p. 3i5. 
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were made. From each plot, data were obtained on vegetation com- 
position, density of cover, and plant mortality. 


Table 1. — Areas occupied hy various desert plant associations in Pine and Wah Wah 

Valleys 


riant association » 

Pine 

Valley 

Wah Wah 
Valley 

riant association > 

Pine 

Valley 

Wah Wah 
Valley 

Shadscale— winterfat ^-grass... 

Square 

mike 

115 

Square 

mike 

186 

Spiny hop-sage 

Horsebrush — small rabbit- 
brush 

Grease wood 

Square 

mike 

6 

Sauare 

mike 

11 

Shadscale— gray molly 

Small rabbitbrush — winter- 
fat i-grass 

7 

105 

15 

102 

5"1 

76 

Winterfat grass— 

73 

22 

Juniper— piflon overstory 

370 

223 

Winterfat > 

25 

16 

Playa (barren) 

3 

27 

Big sagebrush— small rabbit- 
brush 

1 

75 

79 

Total area 

783 

757 


1 For sciontlfic names of plants sec p. 315. 

2 Locally known as white sage. 


A plant was considered to cover the ground completely in the rare 
instances when the ground could not be seen through its fohage by an 
observer standing directly over it. In most cases the value recorded 
was the fractional spread of the plant when so compressed as to make 
a complete cover. Thus, if a plant with a total natural spread of 1 
square foot made a complete cover of only one-haJf square foot, it was 
given a ground-cover (density) value of one-half square foot. Wlien 
the total ground-cover area for all plants of a given species within a 
plot totaled less than one-fourth square foot, the presence of the species 
was recorded merely as a trace. The total area of all vegetation on 
a 200-square-foot sample plot was determined by adding the individual 
figures. Density percent was obtained by dividing the total area in 
square feet by 2. 

Mortality data were obtained by counting the number of living and 
dead plants of each major species on the plots. 

In addition to the transect composed of circular plots, small “belt” 
transects were established near but not on the main transect in each 
plant association. Care was exercised to locate these at random. 
On the belt transects vascular ring counts were made of 100 shrubs 
of each major species in each association from all plants whose crown 
centers fell within the transect boimdaries. Two men, equipped 
with hand lenses and trained to take the age data, made separate 
counts of the vascular rings for each stem and compared results. 
If, owing to the irregidarity, incompleteness, or indistinctness of the 
vascular rings, large discrepancies occurred, recounts were made. In 
order to check the accuracy of the method, ring couats were made on 
stems taken from plants on railroad fills and in an abandoned cemetery, 
where the maximum possible age of the shrubs was known. 

The type of root system, the horizontal and vertical spread of the 
roots, and the general relationship of root penetration to the soil- 
salt horizon were recorded for each major species. These data were 
obtained from excavations made in associations dominated by the 
species. 
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NATURE OF SOILS AND SOIL REGION 

Soil samples wore taken in several plant communities in the 
associations in Pine Valley with the exception of the juniper, which 
grows in very shallow soil. In all, 14 trenches were dug in the 
various communities, and profile maps of the soil horizons were 
drawn. Three to five soil samples were composited from the trenches 
at each of the following depths in centimeters: 0-15, 15“30, 30-60, 
and 60-90. Each sample was carefully analyzed for total salts, 
total organic matter, pH value, total nitrogen, moisture content, 
moisture equivalent, water-holding capacity, and the percentages of 
gravel, sand, silt, and clay (table 2). 


Table 2. "-*Soz7 data^ from the major plant comm.unities indicatedf occurring in 
various associations crossed by the Pine Valley transect 


Plant community 
within associations 

Depth 
of soil 

Average 

salt 

content 

(bridge) 

pH 

value 

Total 

'^I'otal 

Mois- 

ture 

Gfjuiv- 

alent 

Water- 

hold- 

Soil 

Grav- 

el 

Sifted sample 

organic 

matter 

nitro- 

gen 

ing 

capac- 
ity 2 

mois- 
ture 3 

Saiifl 

Silt 

Clay 

Grass (blue grama, 
galleta, sand droj)- 

(’m. 

I*, p. in. 
2(K) 

■ 

8 

Pet. 

1.25 

Pci. 

0.091 

18.1 

37 

Pet. 

2.2 

Pet. 

59 

Pet. 

62 

Pet. 

29 

Pet. 

9 

see<l). 

15-30 

210 

8 

1.29 

.102 

18.6 

47 

3.3 

50 

51 

43 

6 


30-00 

895 

8 

1.21 

.101 

20.8 

51 

2.6 

66 

59 

34 

7 


00-90 

1,160 

8 

1.47 

.094 

20.7 

37 

2.9 

74 

57 

34 

9 

Shadscule 

0-15 

200 

8 

1.16 

.082 

17.9 

34 

1.5 

48 

64 

27 

9 


15-30 

468 

8 

.85 

.094 

18.5 

45 

2.1 

27 

53 

41 

6 


30-00 

l.(M55 

8 

1.14 

,087 

24.8 

45 

2.4 

80 

64 

27 

9 


00-90 

5, (Ki6 

8 

.69 


24.6 

54 

2 1 

72 

68 

30 

2 

Wifiterliit. . .. . 

0-15 

290 

8 

1.29 

. 087 

20.3 

54 

1.9 

32 

54 

26 

20 


1.V30 

290 

H 

.03 

. 058 

22. 1 

46 

3. 1 

1 ' 

4(> 

40 

14 

1 

1 

30-00 

0,015 

8 

.54 

.054 

21. 0 

VA 

4.9 

0 

54 

44 

2 

1 

0(K90 

3, 742 

8 

.20 

. 050 

13.6 

38 

4.3 

71 

72 

28 

0 

Small rabbitbrush- 

0 15 

342 

7.5 

.80 

.058 

14.5 

30 

1.8 


74 

15 

11 


i5-:io 

902 

8 

.50 

.046 

15. 4 

35 

4.2 1 

18 

75 

13 

12 


30-60 

1,358 

8 

.52 

. 045 

14.2 

44 

6.7 1 

15 

73 

14 

13 


00-90 

8, 648 

8 

.28 

.034 

30,0 

59 

8. 1 

12 

47 

39 

14 

Spiny hop-sage, blue 

(M5 

244 

7.5 

.67 

.061 

11 9 

33 

2.7 

19 

92 

3 

5 

grama, gal lota. 

15-30 

582 

8 

.41 

.m 

12. 6 

38 

4.8 

4 

89 

5 

6 

30-60 

323 

8 

.58 

.141 

8. 7 

46 

4.9 

6 

93 

4 

3 


(iO-90 

684 

8 

.50 

.o:i8 

11.7 

38 

5.2 

6 

93 

4 

3 

Big sagebrush 

0-15 

200 

7.5 

1.03 

.001 

13. 5 

37 

3.2 

16 

82 

15 

3 


15-30 

302 

7.5 

.84 

.060 

15.1 

43 

4.5 

8 

78 

16 

6 


30-60 

716 

8 

.72 

.050 

11.6 

44 

5.0 

9 

76 

18 

6 

i 

60-90 

1,080 

8 

.21 

.027 


34 

5.0 

12 

84 

16 

0 


1 Biised on average of 3 or more samples. 

2 Hilgard’s method. 

3 July 1934. 


The soils of the Pine Valley transect are characterized by five 
general features: (1) A predominantly sandy nature; (2) a low 
saline content in the first 30 cm. of soil, regardless of the plant com- 
munities; (3) a variable saline content below the 30-cm. level, closely 
correlated with the type of vegetation; (4) a hydrogen-ion concen- 
tration between pH 7.5 and pH 8; and (5) an extremely low content 
of orgamc matter and nitrogen. 

Physical differences in the soils supportmg the various plant 
communities are slight. The degree ami direction of slope, the 
presence or absence of hardpans, and the variation in the salt content 
of the subsoil seem to play an important role m the extent and 
distribution of the desert vegetation. For example, spiny hop-sage 
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and big sagebrush p’ow on soils which, in the main, contain little 
salt (4, 6) to a depth of about 3 feet (90 cm.) or more. The subsoils 
are more porous, and their water-holding capacity is lower. 

All soils in these valleys have a greater amount of gravel at the 
surface than immediately below; winterfat soils in some cases have 
32 times as much. F'rom the condition of vegetative cover in the 



Figure 3. — Aspects of erosion in Wah Wah Valley: A, Gene'iro^iew of a 
wind-eroded area in the winterfat association; J3, pedestaled wintpfiSj)<^ plants. 


various associations it may be deduced that the surface accumulation 
is mot so mucli,an index of percent of gravel in the soil as of the deteri- 
oration of the vegetation, which when severe permits rapid wind 
ei*oiMon. The stifling clouds of dust that race over the desert valleys 
al^e fed from -areas largely denuded of vegetation (fig. 3 , . 4 ). 
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Tliat a heavy soil movement is occurring on tliis area is borne out 
by several observed facts. The pedestaled nature of many desert plants, 
especially winterfat (lig. 3, B), shows that 1 to 6 inches of soil have 
been removed from below their crowns since their establishment. In 



Figure 4. — A and Embryonic dunes in Wah Wah Valley, winterfat association. 


such cases the height of crown above the soil is not an age factor, for 
many young plants protrude as much as old ones. Except near the 
relatively few natural dune areas, pedestaled plants occur only in 
associations obviously deteriorated through grazing. Many embry- 
onic dunes (fig. 4, A and B) along highways and on the plant areas 
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under observation are known to be but a few years old ; and a juniper 
forest on a presettlemcnt dune area in the nortlieast corner of Pine 
Valley shows what appears to be a greatly accelerated recent and 
disastrous dune movement (fig. 5, A). 

. .. ‘ ■ • , 
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Table 3. — Rate of dune movement in Pine Valley ^ as estimated from ages of living 
juniper trees ^ in rear of advancing dunes 


Tree No. 

Distance of tree 
from dune 

Age of tree 

Estimated yearly 
movement 


Feet 

Years 

Feet 

1 

(i()8 

25 

24. 32 

2 

Slid 

31 

26. 77 


S81 

38 

23. IS 

4 

807 

40 

20. 18 


ROOT PENETRATION OF PRINCIPAL DESERT PLANTS 

A _1 1 J. 1 

extent of the root systems, is influenced by two major factors, soil 
salinity and the nature of the plant. 

The four grasses, blue grama, galleta, Indian rice^rass, and sand 
dropseed have root systems the large branches of which are entirely 
within a shallow soil layer no deeper than 30 to 45 cm. with a salt 


BLUE GRAMA GALLETA INDIAN RICEGRASS SAND DROPSEED 



0 20 40 60 80 100 120 140 160 180 200 ^ 220 240 260 280 300 320 


SPREAD (CENTIMETERS) 

Figure 6. — Root penetration of nine principal desert plants, indicating their 
respective endurance of salt salinity. The heavy broken line marks zones of 
salt content — above, 200 to 1,000 parts per million; below, 1,000 to 10,000. 

content of less than 1,000 p. p. m. (fig. 6). The roots are finely 
branched and occupjr this surfa(?e layer rather fully. The roots of 
shadscale, small rabbitbrush, and winterfat, on the other hand, have 
some larger roots that penetrate into soil layers having a salt content 
in excess of 1,000 p. p. m., and also have a developed taproot system. 
Big sagebrush and spiny hop-sage send down roots to approximately 
80 or 90 cm., but the soils supporting these two species are usually 
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porous and newly deposited alluvial material, frequently in front of a 
ravine. This is especially true of the hop-sage, which was always 
found near the base of an alluvial cone where storm floodwaters spread 
out and afforded irrigation. Although sagebrush often sent a few 
roots into a soil layer of greater salinity, in no case were hop- 
sage roots found growing in soil that had a salt content of more than 
1,000 p. p. m. 

Growing only in deep alluvial soils with the hardpan 3 to 5 feet 
below the surface, the roots of hop-sage and sagebrush offer less com- 
petition to grasses in the associations dominated by these two plants 
than is encountered from shrubs in other associations, such as slnnl- 
scale, rabbitbrush, and winterfat. Since these last-named species 
usually grow on soils having a depth of only 12 to 24 indies above 
hardpan, most of their roots occupy the same soil layer as those of the 
grasses and therefore compete directly with them for moisture. Both 
liistorical and ecological evidence point clearly to the greater previous 
abundance of valuable grasses in the sagebrush and hop-sage 
associations. 

EVIDENCE OF DETERIORATION IN PLANT ASSOCIATIONS 

DESERT GRASSES 

Grasses, which today arc insignificant in most of the desert-shrub 
associations, were originally important members of practically all of 
them {2, *5, 0). Old residents maintain that desert vegetation formerl y 



F 275556 

Figure 7. — A good stand of winterfat in a lightly grazed valley in Nevada. 

consisted of mixed shrub-grass associations, except in the low, broad 
watercourses along the valley edges where winterfat (white sage) 
existed in almost pure stands. (Fig. 7.) They say also that when graz- 
ing began this species was the principd shrub of the valleys, and that 
big sagebrush and black sagebrush (black sage), with abundant grasses 
interspersed, dominated the foothills. 
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It is probable that grasses never existed on the desert in pure stands 
of any great area, but were always associated with shrubs. At 
present they are most abundant on the foothills in a narrow belt lying 
between the shadscale association in the valley and the juniper associa- 
tion at the higher elevations. Shadscale is now the most important 
shrub component of tlie jjrass communities. Grass species, in order of 
their abundance in the Pine Valley transect, are blue grama, sand drop- 
seed, galleta , and Indian ricegrass (8). The first three of these grasses, 
usually combined but sometimes occurring separately, frequently form 
almost pure communities over small tracts of less than an acre within 
the associations. This probably is to be explained rather by priority of 
o(!Currence than by reaction to peculiar soil conditions. In all grass 
communities, the sites have a gentle slope with good drainage, but 
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PERCENT 


Fkjuiie 8. — Percent of Indian ricegrass plants alive and dead in three significant 
locations, tiie moderately used area of Warm Point, the now heavily used area 
adjacent to a well, and the long-used, severely grazed Wah Wah Valley. 

in many cases the saline content of the soils below 30 cm. is high. At 
this depth, or slightly below it, a calcareous layer commonly exists, 
probably at the average depth of moisture penetration. 

Indian ricegrass, probably the most conspicuous if not the most 
abundant grass on the desert in 1880, is now reduced to a very low 
density under the longer and more severe grazing practice in Wah Wah 
Valley. It readily adapts itself to many habitats, although it seems 
to be best adapted to sandy soils. It is significant tliat this most 
palatable of all desert grasses is threatened with almost complete 
extinction. That its disappearance on large areas of the desert is 
traceable directly to grazing is illustrated in figure 8. On three sites, 
compaTable for Indian ricegrass production, except for their grazing 
historv, widely different mortality conditions exist. At Warm Point, 
10 miles from permanent water, there are four times ns many living 
plants of this grass as in the vicinity of a well drilled 10 years ago, 
where water is always available to livestock. Near the well, more 
than half the still visible plants are dead as the result of overgrazing, 
trampling, and congestion of the livestock around water. 

The total plant cover in those communities of Pine Valley (fig. 9) 
in which blue grama is dominant exceeds per unit area that in all other 
conmunities save sagebrush and juniper-pifion. The desert grasses, 
however, have a high mortality rate and are low in vigor from con- 
tinued close cropping for the past 30-odd years. 








PLANT ASSOCIATIONS 

Figure 9. -Density of vegetation of shrubs, grasses, and weeds in the principal 
communities in Pine Valley, Utah. 


PalatabUity of desert plants, besides indicating the relative extent 
to which they have been grazed in the past, affords a key to the inter- 
pretation of the successional trends of desert vegetation as revealed 
in tto study. Under unrestricted grazing the more palatable plants 
such as Inman ricegrass, spiny hop-sage, and black sagebrush are 
seriously reduced, whereas the less palatable species such as small 
rabbitbrush, often untouched, have increased greatly in recent years. 
The data given in the following tabulation, from unpublished records 
of the Intermountain Forest and Range Experiment Station, represent 
the palatability of the current year’s growth of the various species, or 
the percent that, on properly grazed ranges, is likely to be utilized by 
sheep and cattle during winter grazing; 

Palatabililv 


Grasses: PereerU 

Indian ricegrass 85 

Sand dropseed 40 

Galleta--- 60 

Blue grama 40 

Weeds: 

Russian-thistle 25 

Shrubs: 

Spiny hop-sage 80 

Black sagebrush - 80 

Winterfat 60 

Shadscale 40 

Small rabbitbrush .. i 20 

Big sagebrush 20 
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Desert grasses subjected to heavy grazing liave reproduced very 
poorly during recent years. The age of grasses cannot be obtained 
with assurance since they do not have annual rings. It is thought, 
however, that with such grasses as blue grama, wliich in these high 
desert valleys increase the size of their clumps slowly, a rough separa- 
tion can be made between old and young plants. Dropseed grass 
clumps also increase in size very slowly and somewhat regularly. 
Near absence of small plants in both valleys indicates an extremely 
low reproduction of these grass species during the last several years 
where the grazing was severe, whereas on a few lightly grazed tracts 
3 or 4 miles from the transects young plants are fairly common. 

On comparatively large areas in several associations of Wah Wah 
Valley galleta grass is now rather abundant, having occupied sites 
formerly producing abundant ricegrass. Numerous dead clumps of 
ricegrass are found on some sites now occupied by galleta, scpiirreltail, 
and Reverclion three-awn, galleta usually constituting most of the 
grass cover. This prevalence of galleta on severely grazed ranges is 
probably owing to its usual low height in the cool weather of fall, 
winter, and spring, whicli affords it some protection against full utili- 
zation, especially when a light fall of snow may cover it almost m- 
tirely. Since the oi)en, irregular growth habits of galleta makes any es- 
timate of its age highly uncertain, no measurements were attempted. 

SHADSCALE 

Shadscale dominates more s(|uare miles of valley desert than any 
other plant species and in Pine and Wah Wah Valleys occupies more 
than one-fourth of the total area below the juniper belt (fig. 10). Al- 



Figure 10. — Shadscale association on Pine Valley transect, with Indian Peak in 

the distance. 


kali-tolerant if not alkali-requiring (4, 6), it is found in two distinct 
soil habitats — the foothills where grass is an important member of the 
association, and the low, flat soils abutting the barren playa bottom 
where gray molly, a pronounced halophyte, is the chief commensal. 
On upland shadscale soils, hardpans rich in salt are found at 1 to 2 
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feet below the surface, wliercas in the playa bottoms a high salt 
content is cliaracteristic even of the surface soil. 

Shad scale of tlie upland type has shown a mortality of approximately 
30 percent during the drought period on both protected and unpro- 
tected areas, the heaviest losses occurring on its upper edge in the 
mixed shadscale-winterfa t-grass association. However, this high mor- 
tality docs not occur on the playa bottoms wdiere the species is more 
vigorous. Since high mortality of upland shadscale followed the 
drought of 1931, it seems probable that this plant is better adapted 
to endure physiologically rather than physically dry soils, and that its 
preferred habitat is the heavier soil of the bottom lands with liigher 
moisture-retaining properties. 

Old residents of the desert maintain that on the upland habitats 
shadscale has increased both in acreage and in volume at the expense 
of winterfat and grass. Its competition with grass was perhaps great- 
est near the upper margins and with winterfat at the lower extensions 
of the association. No statistical information is available on its total 
volume on these upland habitats 50 years ago, but an analysis of the 
age and mortality data for the various components of the association 
indicates the extension of shadscale on both margins, as shown in 
table 4. 


Table 4. — l^rrccntdgc of Hhaihcalc and vmitr.rfai planifiy hi the upper and lairer Iran- 
sition margins of a. shadscale associaiioHy having O—'M) and more than, //O annual 
rings 


1 

T^ocatloii and number of anruml rings 

Shadscale 

Winterfat 

Upper margin: 

Percent 

Percent 

0-20. 

40 

8 

40 

38 

68 

Lower margin: 



0-20 

22 

10 

40 

36 

49 


In view of the relatively low palatability of shadscale and the high 
palatability of winterfat, the data from their mixed association seem to 
warrant the following conclusions: 

(1) On the average, shadscale is now suffering some loss of vigor 
from heavy grazing, as is shown by the fact that 50 plants (38 live ones) 
per plot have a ground cover of 3.2 percent in Pino Valley, in compari- 
son with 44 plants (29 live ones) per plot and a ground cover of 1.6 
percent in Wah Wall Valley. The high mortality of shadscale in all 
parts of the desert and equal occurrence of mortality on grazed and 
protected range, indicates low hardiness, against drought at least, on 
all sites. 

(2) The ground cover of 10 winterfat plants in Pine Valley has been 
conservatively estimated at 1 square foot, whereas 59 plants per plot 
in Wah Wah Valley produced merely a trace, emphasizing the impov- 
erishment of this species under prolonged heavy grazing. In Pine 

• It is recognieed that, because winterfat, shadscale, and spiny hop-sage, which belong to the Chenopodi- 
aceae, may under peculiar conditions lay down more than one vascular ring in a year, the total number 
of vascular rin^ may perhaps indicate only the approximate age, or somewhat more than the real age. In 
an abandoned desert cemetery, the oldest chenopods growing on graves dated 30 to 50 years ago failed to show 
any plant with a number of rmgs that exceeded the number of years since burial. Excess of ring counts over 
Me In years does not therefore seem to be ^at for the period being coi^ered. Since in nearly all cases, 
the ring counts ore relative between the different species or between diwrent samples of the same species 
during the same years, comparisons seem valid. 
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Valley 24 percent, and in Wah Wall Valley 55 percent, of winterfat 
plants in the shadscale-winterfat-grass association are dead (fig. 11) 
as the result of unregulated use. 

(3) Similarity of the ring counts of the two shrub species in the well- 
established mixed associations indicates that they were associated dur- 
ing the early days of grazing on the desert. Thirty-six percent of the 
present shadscale plants, and 49 percent of the winterfat plants have 
more than 40 annual rings. That shadscale is invading winterfat com- 
munities is shown by the fact that 22 percent of the former in the tran- 
sition zone has less than 21 rings, while only 10 percent of the latter 
falls in this class. Both the spines and the fact that the palatable leaf 
growth strips off leaving the unpalatable stems protect shadscale to 
some extent against excessive grazing. 



Kkjurk 11. P(McentageK of living and dead winterfat plants in the plant asso- 
ciations indicated in Pino and Wah Wah Valleys. 


WINTERFAT-RABBITBRUSH 

Winterfat and small rabbitbrush are considered together because 
records from old residents supported by an abundance of ecological 
data show that the desert valleys during the early history of grazing 
were dominated by the winterfat-grass association; the hundreds of 
square miles of small rabbitbrush today is a product of the present 
century; and this species is establishing itself rapidly on sites from 
which winterfat is disappearing at an alarming rate (fig. 12). 

Winterfat reaches its best expression in almost pure stands on 
broad, flat watercourses of the valleys, where the soil is somewhat 
better watered by accumulations from the melting snows of spring 
or torrential downpours of summer rain. In addition, as one com- 
ponent of a mixed stand, it extends normally in all directions up the 
gentle valley slopes to the mixed shadscale associations. 

Rabbitbrush invasion has been most active on the more sandy soils 
and least active on the naturally irrigated lands of the watercourses. 
Competition between the two species for possession of the desert 

224244—40 2 
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has been severe {8), as is shown by the present sharp lines which 
separate them and the almost total dominance of each in its own 
territory. Small gray circular islands of winterfat in green stretches 
of rabbitbrush or a wedge of the latter indenting the margin of an ex- 
panse of winterfat are characteristic features of these plant types. 
This situation is perhaps explained by slight physical and chemical 
soil differences, although hardpans and a high saline content of the 
subsoil characterize both conditions. 

The rapid increase of young small rabbitbrusli plants and the high 
mortality of palatable forage species in Wah Wall Valley establish 
grazing as a major cause of deterioration in the vegetation. In view 
of the great difference in the palatability of the two species, together 



F 200629 

Figure. 12. — Rabbitbrush (dark -colored sliriibs) invading weakened winterfat 
areas in Antelope Valley not far from Pine Valley transect. 

with the difference in intensity of ijrazing use between Pine and Wah 
Wah Valleys, the following facts gained from the study are significant: 

(1) The mortality of small rabbitbrush in both valleys was less 
than 10 percent, but that of winterfat was 23 percent in pure winter- 
fat communities in Pine Valley, 59 percent in Wah Wah Valley, and 
even higher in the winterfat-grass association (fig. 11). 

(2) In Pine Valley 30 percent of the rabbitbrush, and in Wah Wah 
Valley 43 percent, were produced during the decade 1927-36. The 
same period accounted for 1 {percent of the winterfat in Pine Valley, 
and none on the sites studied in Wah Wah Valley (fig. 13). 

(3) In pure stands of winterfat in Pine and Wah Wah Valleys 
only 1 percent of the plants had less than 10 vascular rings, whereas 
in pure stands in Snake Valley about 25 miles to the north, where 
grazing has been much lighter than in either of the other valleys, 8 
percent were in this class (fig. 14). 

(4) On the 200 square mues or so occimied by these plants ^ow- 
ing together in association in Pine and Wah Wah Valleys there is an 
average of one winterfat plant to the square foot. Of these winterfat 
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Figure 13. — Winterfat and rabbitbrush plants in mixed association, classified 
by vascular rings, Pine and Wah Wah Valleys. 


plants, 10 percont in Pino Valley and 19 percent in Wall Wah Valley 
are dead (lig:. 11). The live plants furnish a g^round cover of 1.5 per- 
cent of a. total ground cover of 1 .7 percent in Pine Valley and of 0.09 
perc(*.nt of 0.3(3 piTCciit in Wah Wah Valley. 
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Figure 14. — Winterfat plants, classified by the number of vascular rings, form 
nearly pure populations in Pine, Wah Wah, and Snake Valleys. Young plants 
are most abundant in Snake Valley where the scarcity of watering places limits 
grazing to the periods when snow is available for stock water. 
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(5) The lowest mortality for winterfat in both valleys is found 
in the rabbitbrush communities where the winterfat plants are few. 
The low palatability of the dominant shrubs makes forage cover as 
a whole relatively unpalatable to livestock. It is therefore not 
heavily grazed. 

Small rabbitbrush plants in these plant types are predominantly 
20 years old or less (fig. 13), indicating a recent invasion. The shrub 
is normally long-lived, however, as evidenced by the fact that on one 
area 26 percent of the plants are more than 30 years of age and 4 
percent more than 40 (fig. 15). 

A puzzling feature of the rabbitbrush invasion of winterfat asso- 
ciations is its apparent arrest. In spite of the 100 s(|uare miles of 
land open to the invasion because of the depletion of the natural 
cover, few invading young rabbitbrush plants are found beyond 
sharply delimited outposts. The explanation of this paradox prob- 



Figurb 15. — Spiny hop-sage and small rabbitbrush on favorable sites in Pine and 
Wah Wah Valleys, classified by the number of vascular rings. 


ably lies in the present widespread and dense occupation by Russian- 
thistle, which within the last 15 years has overrun all badly deteri- 
orated areas. 

Russian-thistle is both a blessing and a curse to the desert; its seeds 
genninate at any period of the growing season when moisture is avail- 
able, and the plants in a short time afford protection against wind 
erosion; but on the other hand, seedlings of more palatable perennial 
species under heavy grazing appear practically unable to compete 
with it. It is a hardy invader in good years, but like all annuals, 
native or exotic, cannot maintain a plant cover in years of severe 
drought. In Wah Wah Valley it varied from 20 percent of the ground 
cover in 1932 to practically nothing in 1934. 

HOP-SAGE 

One of the most palatable desert shrubs is spiny hop-sage. The 
root chart (fig. 6) and table 2 show this species to be definitely restricted 
in habitat; its total area on the desert was never large. The soils in 
which it thrives are the most free from salt of those supporting any 
major association. Its preferred habitat seems to be m sands free 
of hardpans, often granitic, and occasionally watered by intermittent 
streams. 

Approximately 85 percent of the plants in what was classed as pure 
hop-sage stands in Wah Wah Valley are dead (fig. 16), and the remain- 
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der nearly so. The number of vigorous plants throughout most of 
the open winter range has been greatly reduced by overgrazing. 
Under lighter forage use in Pine Valley, 37 percent of the plants in 
pure stand are dead and the others severely injured. Since no repro- 
duction whatever was found to have occurred during the last 10 years 
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Figure 16. — Percentages of living and dead plants of big sagebrush, black 
sagebrush, and spiny hop-sage in various plant associations in Pine and Wah 
Wah Valleys. 

(fig. 15) and but 1 percent during the last 20 years, the conclusion is 
that the species cannot withstand even moderately heavy use and 
that the early extermination of this plant is almost certain. Numer- 
ous dead and dying plants of blue grama and galleta bear witness that 
the hop-sage association, once rich in both quality and quantity of 
forage, is now on the verge of total extinction (fig. 16). 



Figure 17.-— A hop-sage association in Pine Valley, showing the hedged shrubs 
and stubble of grama grass. 
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Small rabbitbrush is invading the hop-sage association and will in 
all probability, under present grazing practices soon succeed that 
species on many tracts. On an area used for continuous bedding of 
sheep in a hop-sage association in Pine Valley, rabbitbrush has sup- 
planted all of the original palatable vegetation. 

SAGEBRUSH 

Two sagebrushes, notably different in their choice of habitat and 
in forage value, occupy these desert lands. Big sagebrush, relatively 
unpalatable and little grazed except under conditions of cold and 
deep snow or where other forages are lacking, is confined largely to 



Figure 18. — Big sagebrush, black sagebrush, and'rabbitbrush growing in associa- 
tion in Pine and Wah Wah Valleys, classified according to the number of 
vascular rings. 


the deep porous soil of the valley uplands, where it makes up the neat- 
est density of plant cover of any association on the desert. The highly 
palatable black sagebrush constitutes the chief understory of the 
juniper-pifiion association of the hillsides and is also abundant along 
sides of shallow drainage channels at the upper valley edges. Both 
sagebrushes ^ow best on soils free from salt, at least to the ordinary 
feeding depdi of the roots. Usually, black sagebrush occurs on 
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shallow, rocky soil in contrast with the arable, porous soil preferred 
by big sagebrush. 

Taxonomically, these two sagebrushes are diflScult to distinguish. 
The most constant difference is the light-colored flower stalk and the 
numerous heads of the large species, as contrasted with the brownish 
flower stalk and few heads of the smaller. Sheep, however have little 
difficulty in distinguishing them ; black sagebrush is almost invariably 
closely browsed, while big sagebrush, even when immediately adjacent, 
often remains almost untouched. 

A comparison of the mortality records for the two species in both 
Pine and Wah Wall Valleys is given in figure 16. Two significant 
facts are apparent: (1) Mortality is lower for both in the less heavily 



Figure 19. — Big sagebrush reduced in size by grazing and invading rabbitbrush 
on a bed ground in Wah Wah Valley. 


grazed Pine Valley than in Wah Wah Valley; and (2) the mortalitv 
of the more palatable black sagebrush is somewhat greater in both 
valleys. 

Stockmen who have operated sheep outfits on the desert for 20 
years or more declare that black sagebrush, the most palatable of all 
desert shrubs with the possible exception of spiny hop-sage, has 
decreased tremendously. The principal remnant of any consequence 
in these two valleys is in the juniper belt, where the plant growth is 
ordinarily covered with snow m midwinter and is thus protected for 
a season from excessive grazing. 

Small rabbitbrush is, in volume, an important component of these 
plant types. The age-class data (fig. 18) reveal it as an invading 
species, fust as in other associations important to desert grazing, and 
indicate that here, too, this invader of low forage value is taking 
possession of immense areas that formerly supported palatable shrubs 
(fig. 19). 

Big sagebrush communities are chosen more frequently than black 
sagebmsh as bedding groimds for sheep inasmuch as big sagebrush 
occupies the uplands which are preferred for this purpose. Tlxey are 
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in this way exposed to longer periods of grazing, and so include even 
few er plants under 20 years of age (fig. 18) . The species is reproducing 
in some cases, however, owing to the favorable environmental factors. 
It has replaced the more palatable winterfat in one large part of Wah 
Wah Valley. A rather extensive yoimg stand was found also in Pine 
Valley. 

HORSEBRUSH AND GREASEWOOD 

Horsebrush occurs in small areas in both valleys, as does greasewood. 
Horsebrush species are higlily unpalatable and harmful to sheep, but 
because the plants of this genus are eaten under pressure of great 
hunger tliey deserve critical study. Most of them occur on shallow 
upland soils otherwise similar to the shadscale-grass habitats. Many 
dead Indian ricegrass clumps in the association suggest that liorse- 
brush, like small i*abbitbrush, is an invading species. Greasewood, 
because it occurs only on saline soils with high water tables, is of 
little consequence in Pine and Wah Wah Valleys. 

OPEN FORESTS 

The Pine Valley transect passes from the desert-shrub through a 
juniper-pifion belt, at the upper limits of which it traverses dense 
stands of singleleaf pinon. At higher elevations it passes through a 
white fir-aspen association. 

Pinon and juniper are overstory members of a single association. 
The pinon dominates the higher elevations, but at the lower limits of 



Figure 20. — Juniper in Wah Wah Valley, the lower branches of which have been 
nibbled by sheep. Note the remains of sagebrush and the invasion of rabbit- 
brush. 

the association the juniper occurs in nearly pure stands which ulti- 
mately give way to the valley shrub types (fig. 20). Midway, both 
occur as commensals in a mixed overstory. Sagebrush species are the 
principal understory shrubs, with big sagebrush occupying the alluvial 
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deeper soils and black sagebrush dominating shallow, rocky ones. 
Other shrubs encountered frequently in this association include 
serviceberry, dwarf goldenbush, curlleaf mountain-mahogany, gi-een 
ephedra, broom snakeweed, globe cactus, and bitterbrush. 

Grasses, probably abundant in the juniper-pinon association before 
the days of excessive grazing, still present a great assortment of species. 
Of these, the most important are bluebunch wheatgrass, red three- 
awn, blue grama, blue wild-rye, galleta, Indian ricegrass, squirreltail, 
and needle-and-thread grasses. 

In contrast with the purely desert types, the juniper-pinon associ- 
ation exliibits a striking seasonal periodicity of its flora. In favorable 
years, a large assortment of early spring annuals are supported on the 
foothills, followed in turn by summer and fall herbaceous forms. 
Principal among this weed flora are rockcresses, sandworts,, aster, 
astragalus, wild-cabbage, Douglas jiiomingbrides, hedg(^hog cactus, 
wild-daisy, eriogonum, slender buckwheatbrush, gilias (including tin 
]>iute), globe cactus, pricklypear, pentstomons, phlox, groundsels, 
rock goldenrod, and globemallows. 

Ponderosa pine is not common to desert mountains, but local 
stands exist in a few places. The species is found normally at eleva- 
tions above the pinon-jmiiper belt and, as isolated communities, 
occurs at about 9,000 feet elevation all along the Wah Wah range. 
Associated with it are Douglas fir, white fir, and aspen. The summit 
of Indian Peak where the Pine Valley transect terminates is for the 
most part covered with stony talus and consequently the slopes are 
generally barren. No ponderosa pine occurs there, but white fir, 
Douglas fir, and aspen grow in sheltered places. 

SUMMARY AND CONCLUSIONS 

The vegetation in Wah Wah Valley, Utah, which has been grazed 
for about 70 years, and severely so for about 50 years, is compared 
with that in the nearby Pine Valley where, owing to the scarcity of 
stock water, grazing use was heavy only when snow was available 
until about 20 years ago, when watering places were artificially devel- 
oped. The plant cover of these two neighboring valleys, comparable 
in size, in physiograpliic features, in soils, and in forage-plant associ- 
ations, differed mainly as a result of the duration and intensity of live- 
stock grazing to which they had been subjected. In order to compare 
the effects on vegetation of those two types of grazing use, the density, 
kind, and condition of the forage plants in the two valleys as well as 
the prevalent soil conditions, were studied on a long transect across 
each valley. 

Palatable perennial grasses, formerly conspicous in all the desert- 
shrub associations, today are few in number and low in vigor where 
the grazing has been severe during the protracted period of approxi- 
mately 60 years. In comparison with those of low palatability, 
species of high palatability have suffered (1) a greater loss in density 
of plant cover, (2) a higher plant mortality, (3) a greater decrease in 
reproduction, and (4) a sharper decline in general vigor. 
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Palatable shrubs such as winterfat, shadscale, spiny hop-sage, and 
black sagebrush have also suffered in the same respects as have the 
grasses under prolonged heavy grazing. Of the forage shrubs, on 
which ring counts were made, very few plants were less than about 20 
years of age. Grasses also showed low reproduction during a long 
period of years, although the length of the period was not susceptible 
to accurate determination. 

The root systems of the desert forage species studied were found to be 
largely limited to the upper 30 cm. of soil where the salt content rarely 
exceeds 1,000 parts per million. The root systems of big sagebrush 
and spihy hop-sage extend much deeper than this. Associations in 
which these species are dominant are limitexl to areas where even the 
subsoils have a low salt content. 

The naturally sparse plant cover when thinned and weakened by 
unrestricted grazing has permitted heavy wind erosion, and on a few 
of the worst areas, the beginning of dune formation. 

Small rabbitbrush, low in palatability to livestock and once rare on 
the desert, has on heavily grazed areas replaced to an alarming extent 
the more palatable species, but is still rare where the palatable species 
are vigorous. 

Russian-thistle, introduced to the desert two decades ago, is not a 
serious competitor in vigorous shrub communities, but on heavily 
grazed areas depleted of vegetation it has taken possession and appar- 
ently retards reproduction of desert shrubs. 

Impoverishment of desert forage, attributed by many to the drought 
of 1928-35, was not so markedly apparent after the drought of 1897- 
1904, which was of as long dmation and, measured in total precipi- 
tation, more severe. The evidence gained from the studjr of these 
plant associations does not support the theory that drought is the sole 
or even the chief cause of present deterioration and depletion of the 
range. Instead, it points unmistakably to unrestricted grazing as the 
chief cause of loss of grazing values, invasion of inferior species, and 
the gradual crowding out of the most palatable range plants. 

The data show clearly that the heavy utihzation oi the forage by 
hvestock must be relaxed in order to provide for restoration of the 
range to normal producing power and for its subsequent maintenance. 
The original presence of accessible stock water in Wah Wah Valley 
permitted heavy range use m the fall and in the spring as well as during 
winter. The artificial development about 20 years ago of stock water 
in Pine Valley, formerly ^azed only when snow was available, has 
permitted heavy use in fall and spring as well as in winter since that 
time. The result during the last few years has been to set in operation 
on the forage plants the deteriorating forces of overuse. 

Permanent and vigorous forage production on the winter raises 
will require the sort of range management that avoids complete 
utilization of the current year’s growth and that will give some relaxa- 
tion in the degree of use during fall and spring. Development of weUs 
and other stock-watering places needs to be accompanied by control 
and management of livestock lest the new watering places become 
centers of yet further forage deterioration. 
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COMMON AND SCIENTIFIC NAMES OF PLANTS DISCUSSED 


Aspen 

Aster 

Big sagebrush 

Bitterbrush 

Black sagebrush (black sage) 

liluebunch wheatgrass 

Blue grama 

Blue wild-rye 

Ikoom snakeweed 

( hirlleaf mountain-maliogany 

Douglas fir 

Douglas morningbridcs 

Dwarf goldenbush 

Kriogonum . 

(ialleta . 

(filias 

(ilobe cactus _ _ _ 

Globeinallow - - 

Golden weed 

Gray molly 

Greasewood 

Green ephedra 

Groundsels - - 

Hedgehog cactus _ 

Horsebrush 

Indian ricegrass 

Jointfir. {See Green ephedra.) 

Needle-and- thread- 

Oreocarya, 

Pentstemon 

Phlox. 

Ponderosa pine 

Pricklypear 

Red three-awn 

Revcrchon three-awn - 

Rockcress 

Rock goldenrod 

Russian-thistle 

Sand dropseed 

Sandwort 

Serviceberry 

Shadscale.- 

Singleleaf pifion (pifion pine) 

Slender buckwheatbrush 

Small rabbitbrush 

Small sagebrush. {See Black sagebrush.) 

Spiny hop-sage 

SquirreltaiL 

Tin piute - 

Utah loco 

White fir.. 

Wild-cabbage 

Wild-daisy... 

Winterfat (white sage) 


Populus iremuloides aurea 
Aster engelmanni 
Artemisia iridenlala 
Purshia tridentata 
Artemisia nova 
Agropyron spicatum 
Bouteloua gracilis 
Elymus glaucus 
Guiterrezia sarothrae 
Cercocarpus ledifolius 
Pseudotsuga taxifoUa 
Chaenaciis douglasii 
Aploppapus nanu8» 

Eriogonum heracleoidcs iiud E. 

racemosum 
I lilaria jamesii 
(Hlia spp. 

/^ediocacliis simpsoni i 
Sphaeralcea caespitosa, S. coc- 
cinea, and S. grossulariaefolia 
Aplopappus falcatus 
Kochia vcstita 
Sarcohatus vermicxdaius 
Ephedra viridis 
Senecio spp. 

Echin ocereus moj a ve nsis 
Tetradymia spp. 

Oryzopsis hymenoides, 

Siipa comata 

Oreocarya confertifolia and 0. 
depressa 

Pentstemon palmcri and other 
species 

Phlox longifolia and other species 
Pinus ponderosa 
Opxintia spp. 

Arisiida longiseta 
Aristida glnuca 
Ardbis spp. 

Solidago petradoria 
Salsola pestifer 
Sporoholus cryptandrus 
Arenaria spp. 

Amelanchier alnifoUa 
Atriplex confertifolia 
Pinus monophylla 
Eriogonum microih ecu m 
Chrysothamnus stenophyllus 

Grayia spinosa 
Sitanion hystrix 
Gilia aggregaia 

Astragalus xdahensis and other 
species 

Abies concolor 
Caulanthus crassicaulis 
Erigeron caespitosus 
Eurotia lanata 
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TOXICITY TO SHEEP OF LEAD ARSENATE AND LEAD 
ARSENATE SPRAY RESIDUES ' 

I^y J. L. St. John, head^ Division of Chemistry ^ E. C. McCulloch, research vet- 
ermarian, J. Sotola, associate animal husharndmany and E. N. Todhunteh, 
associate nutritionist, Washington Agricultural Experiment Station 2 

INTRODUCTION 

Occasionally reports are received at the Washington station of the 
illnevss or death of livestock, principally cattle and sheep, that have 
been pastured in sprayed orchards during the fall. Many of these 
losses liave occurred where veterinaiy service was not available and 
have been attributed to anthrax or to some other acute infectious 
disease. These diagnoses, however, have not been confirmed by 
members of the veterinary profession or by laboratoiy findings. 

During the last 2 years the authors have investigated two such 
outbreaks, one of which resulted in the loss of approximately 1,000 sheep 
and the other in the loss of 23 feeder steers (8a).^ The post-mortem 
pathology and the essentially negative nature of the bacteriological 
findings, together with the case liistories, pointed to acute chemical 
poisoning rather than to an acute infectious disease. 

The orchard grasses from the area on which the sheep were known 
to have fed showed on analysis 0.44 percent of arsenic (As) and 1.44 
percent of lead, wliich is more tlum 4,000 times the established toler- 
ance for foods. The leaves of the trees on which the steers are known 
to have fed contained 0.0045 percent of arsenic. 

Analyses of the rumen contents of the last of the poisoned animals 
to die and of moribund survivors revealed the presence of sufficient 
lead and arsenic to account for 30 gm. of lead arsenate in the sheep 
and 38 gm. in the steers. Since sufficient lead arsenate had been 
absorbed to cause severe illness or death and some had been eliminated 
from the body, it is evident that considerably larger amounts had 
been ingested. 

Approximately 15 ])crcent of tlie poisoned sheep and 80 percent of 
the poisoned steers made at least a temporary lecovery from the 
(effects of the lead arsena te. I f it be assumed that some of the animals 
which were made ill, but which did not succumb within the following 
3 juonths, consumed almost as much as did the last of the animals to 
(lie of acute poisoning, the amounts of lead arsenate consumed by 
tliese survivors wore considerably greater than the reported minimum 
lethal doses of lead arsenate for sheep and cattle. 

REVIEW OF THE LITERATURE 

The literature contains numerous references to poisoning with lead 
and with arsenic. For bibliograpliies the reader is referred to Osborn 

» Received for publication August 7, 1939. Published as Scientific Paper No. 414, College of Agriculture 
and Experiment Station, State College of Washington. 

* The writers express their appreciation to D. Finch and L. Murphy for assistance in caring for the oxpor* 
imcntal animals, and to F. Van Amburgh for the analytical work. 

* Italic numl)ers in parentheses refer to Literature Cited, p. 328. 
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and Pease/ Pease and Osbom/ and Aub {2), Most of the published 
work, however, is based upon the toxicity of lead and arsenic fumes or 
dust; the toxicity of lead and arsenic compounds other than lead 
arsenate; the effects of these compounds upon rats and other labora- 
tory animals and upon dosages far below the levels known to have 
been consumed by the sheep and cattle that died after having grazed 
upon the forage in heavily sprayed orchards. In most of the experi- 
ments in which large animals were used, the experimental animals 
were allowed to graze areas of lead arsenate-sprayed forage. From 
such experiments, the exact amounts of lead arsenate eaten by the 
animals cannot be ascertained. 

Data obtained from inhalation of lead and arsenic dust or fumes 
probably are not applicable to the oral administration of these sub- 
stances. 

Perhaps the lower incidence of plumbism in animals consuming 
lead-contaminated forage than in people exposed to lead in the indus- 
tries may be explained by the difference in the ways in which exposure 
occurs. Lanza {8) pointed out (5, p. 85) that — 

most of the industrial exposure arises from dust and fumes that are breathed into 
the lungs and upper respiratory tract, where absorption and excretion involve 
entry into the systemic circulation. Lead that is ingested may be excreted 
unchanged and, even if absorbed, may be carried to the liver and excreted in the 
bile. 

Cardiff {8) believes that the poisoning of horses, when hay from 
heavily sprayed orchards is fed, results from the inhalation of the dried 
spray residues rather than from the consumption of the lead arsenate. 

Thomas and Shealy {15) found that while lead arsenate will reproduce 
death in chickens when fed in large quantities, a chicken may consume 
as much as 13 grains per day for 60 days without suffering any ill 
effects. 

Coulson, Remington, and Lynch (4) found that rats fed shrimp 
which naturally contained 17.70 parts per million of arsenic stored only 
0.13 mg. of arsenic, in 3 months, while in a parallel experiment rats 
which received a similar amount of AS2O3 in their diet stored 3.73 mg. 
After as long as 12 months on these diets, neither group showed any 
evidence of poisoning. 

Although Talbert and Tayloe {H) do not feel that their data are 
sufficient to permit conclusions regarding lead poisoning from the con- 
sumption of sprayed apples, they do state that there is uttle likelihood 
of a person consuming as spray residue on apples enough arsenic at 
one time or over an extended period to be injurious. 

Husband and Duguid (7) found that cattle survived 20 grains of 
arsenic fed as sodium arsenite. Thirty grains killed in some cases 
and larger amounts were fatal. Cattle died after consuming pasture 
grass sprayed with 1.5 pounds of sodium arsenite per acre. Arsenic 
was found in the intestinal contents and in several organs. Husband 
and Duguid state that analyses of the omasum and kidney give more 
reliable information than those of other organs in arsenic poisoning. 

One of the earliest experiments in which exact amounts of lead 
arsenate were fed was conducted by Paige (JO), who used a lead arsen- 

« Osborn, R. A., and Prise, V. A. selected references on the toxicitt of arsenic, 1001 - 1034 . 
17. S. Bur. Chem. and Soils, Food Bes. Diy. 4fi pp. 2934. (Mimeographed.] 

4 Pease, V. A., and Osborn, B. A. selected biblioorapht on metaluc contamination of foods, 
with special reference to containers and cooeino utensils. IJ. 8 . Bur. Chem. and Soils,* Food Bes. 
Diy. 87 pp. 1936. [Mimeographed.] 
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ate paste somewhat different in composition from that now applied 
to orchards. Since the lead arsenate paste contained about 9 percent 
of arsenic and 32.5 percent of lead, the quantities of the paste that he 
administered should bo reduced to approximately one-half his stated 
value to be comparable to modem dry lead arsenate. 

All the cattle that Paige used were tuberculous, which may have 
decreased their ability to withstand toxic doses and to recover after 
they were poisoned. In his experiments Paige fed a 600-pound cow 
1 gin. of lead arsenate paste per day for 26 days and observed no symp- 
toms of load poisoning. Following a 4-day interval she was again 
given 1 gm. per day and died after 10 days. A 1,015-pound cow given 
184 gm. of lead arsenate paste in daily doses of froml K to 3 gm.over 
a period of 117 days, made an apparent recovery, but a single dose of 
50.4 gm. 43 days later resulted in violent purgation and inappetence. 
She was autopsied 19 days later. Another cow weigliing 600 pounds 
survived a single dose of 28.35 gm. of lead arsenate paste, and 96 days 
later was started on another series of tests in which 105 gm. were fed in 
57 days. Two days later she was given a single dose of 19.8 gm. and 
slaughtered 9 days thereafter. Paige reports {10, p. 190): 

Principal lesions: small tubercular nodule in lobe of lung; indications of the 
irritant and poisoning action of arsenate of lead few. Blackening of the gums 
about the incisor teeth quite pronounced in this animal; not found in any of the 
others. 

Green and Dijkman {6) found that in most cases the oral adminis- 
tration of 0.2 to 0.3 gm. of arsenic trioxide, supplied as sodium 
arsenite, produced no symptoms of poisoning in sheep and that death 
was uncertain when less than 0.5 gm. was given. 

Seddon and Ramsay {12) studied the toxicity of various compounds 
of lead and of arsenic for sheep by mixing the drug with small quan- 
tities of bran and sirup and administering it as an electuary. For 
80- to lOO-pound sheep they found fatal doses to be as shown in 
table 1. Oi especial interest arc the differences in the amounts of 
arsenic contained in the toxic and the nont oxic doses when the arsenic, 
was given in various chemical combinations. The data indicate tlu'. 
more soluble compounds of arsenic to bo the more toxic. 


'1'ablk 1. — Lethal doses of various arsenic and lead compounds when admi nistered 
to sheep in hran and simp as an electuary 

(From work of Seddon and Ramsay (/;?)( 





Poison contained in dose . 

nose Oiitd uu-mpuUiid udmlulstered 

Size c 

(lose , 

AS 2 O 3 

As 

Pb 


Oraind 

Grams 

Grams 

Grams 

Grams 

Fatal doses: 






Sodium arsenite - 

13.3 

0. 862 

0.577 

0. 437 


Paris preen 

20.0 

1.296 

.715 

.542 


Arsenic acid 

13,3 

.862 

. 551 

.417 


Lead arsenate 

Lead oxide .. — 

00.0 

180.0 

3. 888 
11.664 

1.251 

.947 

2.:U7 

9.691 

Lead acetate 

270.0 

17.496 



9. 321 

Nontoxic doses: 






Sodium arsenite 

0.0 

.428 

.287 

.217 


Arsenic acid 

6.6 

.428 

.27 A 

.208 


Lead arsenate 

40.0 

2.592 

.835 

.m 

1. 545 

Lead acetate 

216.0 

13. 997 



7.457 

Lead sulfate 

60.0 

3.888 




2. 655 
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O^Kane, Hadley, and Osgood {9) fed lead arsenate to sheep and other 
animals. The lead arsenate was sprayed on green foliage which the 
sheep consumed directly. The exact amount consumed was, therefore, 
not known. With two sheep that were estimated to have received a 
little over 3 gm. of lead arsenate each per day for 45 days, any symp- 
toms of poisoning diappeared by the end of 30 days. Sheep receiving 
7 gm. per day showed definite symptoms of poisoning, and by the fifth 
day the feeding was discontinued. These animals recovered in about 
3 days. Another lot received about 12 gm. (estimated) per day of 
lead arsenate. These animals showed prompt and definite symp- 
toms of poisoning. One died on the fourth day. The lead arsenate 
feeding was discontinued with the other sheep, which appeared quite 
normal after 4 days and finally recovered. 

Keeves {11) reports that sheep were poisoned by 4 to 8 grains of 
arsenic when it was fed daily. 

EXPERIMENTAL PROCEDURE 

A series of experiments was outlined in which sheep were fed lead 
arsenate at various levels daily. The sheep used were healthy, vigor- 
ous lambs weighing approximately 80 pounds (36.29 kg.). Each 
animal was maintained in an individual metabolism crate at the 
College of Veterinary Medicine throughout the experiment. The 
basal ration fed to all experimental animals consisted of rolled oats 3 
parts, rolled barley 4 parts, and alfalfa hay 14 parts, with salt ad 
libitum. Since fallen apples are usually consumed by animals pas- 
tured in orchards, a measured quantity of Jonathan apples was in- 
cluded in the ration of some of these animals. The animals were 
accustomed to the metabolism crates and to the basal ration and were 
making daily gains before the administration of arsenic was started. 

Durmg the experimeiital period the urine and feces were collected 
daily, sampled, placed in 2-quart jars to which thymol was added, 
and the samples placed in cold storage. The daily feed and water 
consumption were accurately measured. The daily dose of lead 
ai-senate for each animal was divided into two portions which were 
placed in gelatin capsules and given moniing and night, so that tlie 
exact amount of lead arsenate taken into the body was definitely 
known. The lead arsenate used was a well-known brand which is 
widely used in orchard spraying in Washington State. It contains 
59.6 percent of lead and 21.5 percent of arsenic. 

For the determination of lead the tentative methods of the Associ- 
ation of Official Agricultural Chemists {!) were followed except that 
in preparing the samples for analysis nitric and perchloric acids were 
used according to methods developed in the laboratory of the Division 
of Chemistry by Gerritz (5). The lead was isolated by direct di- 
phenylthiocarbazone extraction or, when necessary, the lead was precipi- 
tated and isolated as the sulfide, dissolved ini percent nitric acid and 
extracted with diphenylthiocarbazone. The quantitative readings 
were then made by colorimetric compa^rison according to the method 
developed for spray-residue determination. Arsenic was determined 
on an aliquot of the nitric and perchloric acid-digested sample either 
by the bromate or the Gutzeit method, depending upon the quantity 
of arsenic present. 
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EXPERIMENT 1 

In the first experiment three sheep were fed 2 g. of lead arsenate 
daily. Two of these received 2 pounds of apples each day in addition 
to tlie basal ration and the third received only the basal ration. One 
of the sheep that received apples and the sheep that received only 
the basal ration died on the fourth day after each had consumed a 
total of 7 of lead arsenate. The remaining sheep, which had received 
apples, died after 1 week, having consumed a total of 15 g. of lead 
arsenate. 

On autopsy the sheep that died on the fourth day were found to 
have hemorrhagic erosions of the rumen wall, which extended into 
the recticulum. Severe enteritis was present, especially in the duo- 
denum. The lungs were pneumonic. In the third sheep the lesions 
were similar to those in the other two except that the kidneys had a 
metallic sheen. 

As soon as the lead arsenate was given to the sheep, their feed 
consumption decreased by approximately 80 percent, and the amount 
of water consumed was also markedly reduced. 

The daily excretion of lead and arsenic, expressed in milligrams, is 
shown in table 2. While there are variations in the quantity of lead 
and arsenic eliminated from day to day and in the quantity eluninated 
by different sheep, these data do not show any correlation between 
the inclusion of apples in the diet and the rate of lead or arsenic 
elimination. The data are made more diflBcult to interpret by the 
marked reduction in feed and water intake and a somewhat parallel 
reduction in the amount of feces and urine following the administra- 
tion of the lead arsenate. 

Much of the arsenic eliminated was through the urine, although 
the feces contained appreciable amounts. From 44 to 48 percent 
remained in the digestive tract at the time of death, while from 54 
to 60 percent of the total amount of arsenic fed to these sheep was 
accounted for by analysis of the contents of the digestive tract, the 
liver, kidneys, and the wool. 

More lead was eliminated from the body through the feces than 
through the urine. From 60 to 77 percent remained in the digestive 
tract, while from 62 to 79 percent of the lead consumed was accounted 
for by analysis of the digestive tract, the liver, and the kidneys. 


224244—40 3 



Tabls 2. Total lead arsenate ingested by sheep Jed 2 gm. daily; quantity of arsenic and lead excreted daily; and total quantity found at autopsy [ 
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EXPERIMENT 2 

Since the daily admmstration of 2 gm. of lead arsenate had proved 
lethal to three sheep in from 2 to 7 days, a second experiment was 
conducted in which the amounts of lead arsenate given daily were 1, 
0.5, and 0.25 gm. Two sheep, one of which received the basal ration 
only and the other received apples in addition, were placed on each 
level. A seventh sheep was included as a control. 

One of the sheep that received 1 gm. of lead arsenate daily and apples as 
as part of the ration died in 6 days ; the other shee^ that received 1 gm. of 
lead arsenate daily and only the basal ration died in 7 days. Thelethal 
amount of lead arsenate fed at the rate of 1 gm. per day was, therefore, 6 
or 7 gm. These figures represent 1 .29 and 1 .51 gm. of arsenic (As) (equiv- 
alent to 1.70 and 1.99 gm. if expressed as AS2O3). It should be noted 
that this is approximately the same total quantity that killed two of 
the three sheep in experiment 1 where 2 gm. of lead arsenate were fed 
daily. The 1.5 gm. of arsenic (As) for an 80-poimd sheep is equivalent 
to 41 mgm. per kilogram, or 192 mgm. of lead arsenate per kilogram. 

One of the sheep receiving 0.5 gm. of lead arsenate per day died after 
35 days, having consumed a total of 17.5 gm. of lead arsenate, equiv- 
alent to 3.7 gm. of arsenic (As). The other shee^ receiving 0.5 gm. 
of lead arsenate per day died after 79 days, having consumed 39.5 
gm. of lead arsenate, equivalent to 8.4 gm. of arsenic. 

One of the sheep receiving 0.25 gm. of lead arsenate daily died after 
35 days, having received 8.75 gm.- of lead arsenate containing 1.9 gm. 
of arsenic. The other sheep survived 94 days on this level, when the 
lead arsenate feeding was discontinued, and 10 months later when 
slai^htered was in good condition and showed no evidence of injury. 
This sheep consumed 23.5 gm. of lead arsenate during the 94 days 
representing 5 gm. of arsenic. The excretion of lead and arsenic by 
the sheep in experiment 2 is shown in table 3. 



Arsenic and lead < excreted 
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As in experiment 1, the amount of arsenic eliminated daily in the 
urine varied widely, and there appeared to be no correlation between 
the amount fed per day and the a,mount eliminated. Essentially the 
same is true with regard to the elimination of arsenic and lead in the 
feces, although in general more arsenic was eliminated per day in the 
feces than in the urine. In the feces the ratio of the amount of lead 
eliminated to the amount of arsenic eliminated was much above the 
ratio of these two elements in lead arsenate. The actual weight of 
arsenic eliminated per day in the feces was greater than in the urine 
in experiment 2 ; the reverse was true in experiment 1. 

Table 4 summarizes the total amount of lead and arsenic eliminated 
and the total remaining in the stomach and other organs. 

The data show tliat only a small proportion of the ingested lead 
arsenate was eliminated. Of the four sheep in experiment 2 that 
lived for 35 days or more, one eliminated 16 percent of the arsenic 
intake, wlule two eliminated 4 and 5 percent. The elimination of 
lead varied from 46 to 12 percent. 

Thirty-thi'ee to forty-two percent of the arsenic accounted for was 
found in the stomach contents, while 17 to 24 percent of the lead was 
found there. The total amount of arsenic accounted for ranged from 
10 to 28 percent of the amount ingested while the total amoimt of lead 
that could be traced ranged from 32 to 61 percent. Analyses were 
made of the liver, kidneys, heart (table 4), and gall bladder, and in 
one case of the lungs, ribs, and other bones, bone marrow, and wool 
(table 5). The concentration in all the parts examined was small as 
compared with that in the stomach contents, wluch accounted for 4 
to 38 percent of the arsenic ingested and 13 to 49 percent of the lead. 
The amounts found in individual sheep varied widely. 
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Table 5. — Quantities of arsenic and lead found in lungs, hones, marrow, gall 
bladder, and wool of a sheep that was fed one-half of a gram of lead arsenate daily 
for 79 days 

[Besults expressed as milligrams per 100 gm.] 


Quantity in— 


Eloment 

Lungs 

Ribs 

! 

Femur 

Marrow 
from femur 

Gall 

bladder 

Wool 

As 

Pb-.- 

Milligrams 

0.38 

3.0 

Milligrams 

1.42 

2.6 

Milligrams 
0. 35 
.23 

Milligrams 

1.11 

1.6 

MUligrams 

0.01 

.15 

Milligrams 
0. 28 
.74 


The findings at autopsy were similar to those described for the sheep 
in experiment 1. In those sheep that lived long enough for the 
phenomenon to be observed it was found that the erythrocyte count 
rose at first but fell to low levels a few days before death. In the 
sheep that lived 35 days, the count rose from approximately 8,000,000 
when the feeding of lead arsenate began, to 13,000,000 on the tenth 
day thereafter, and then dropped to 4,200,000 on the twenty-seventh 
day. The leucocyte count fluctuated within normal limits until 
bacterial infection set in, when in most cases it rose sharply. A load 
line was observed on the fourteenth day. On the twenty-sixth day a 
foul diarrhea appeared and the day before death hemoglobinuria was 
observed. The animal died in a cachexic state after 35 days. 

On post mortem no erosions were found on the mouth, esophagus, or 
other portions of the digestive tract. A distinct lead line was observed. 
h]nteritis was present to only a moderate extent. Fatty degeneration 
of the heart was evident and the lungs were congested and pneumonic. 
The spleen was ruptured and swollen, with the pulp distinctly dark- 
ened. The kidneys were blue black in color and had a metallic sheen. 
They were so soft that removal without breaking was difficult. The 
marrow of the flat bones was black. Upon exposure to the air the 
marrow became dark red. In the meat-packing industry animals 
showing this condition are known as ‘‘black cutters.” 

On post-mortem examination, lesions similar to those in sheep fed 
lethal amounts of lead arsenate were found in the sheep that received 
0.25 g. of lead arsenate and died at the end of 35 days. The second 
sheep fed this amount continued to receive it for 94 days, when the 
lead arsenate feeding was discontinued. This sheep was in excellent 
condition when slaughtered 10 months later and showed no evidence of 
the earlier consumption of 23.5 g. of lead arsenate. It is of particular 
interest to note that when this animal was killed the bones showed 
no evidence of darkened marrow. 

DISCUSSION AND SUMMARY 

The toxicity* of arsenic and lead appear to be affected by the nature 
and the solubility of the compounds in which they occur and the means 
by which they enter the body. Sheep were killed by the oral admin- 
istration of 0.4 to 0,5 g. of arsenic (As) in the form of arsenic trioxide 
(AS 2 O 8 ), but substantially larger amounts of arsenic (As) in the form 
of lead arsenate were required to kiU. When lead arsenate was sprayed 
on foliage and allowed to remain for several weeks, still larger amounts 
were necessary to cause death. A materially larger quantity of lead 
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aisenate was required to kill when the siieep consumed it on sprayed 
foliage than when it was administered experimentally in capsules. 
This should be further checked by carefully controlled experimental 
work involving the feeding of foliage carrying spray residue applied 
some weeks before the beginning of the experiments. If the experi- 
ments should show a change in the form of the lead and arsenic on 
foliage, together with a change in toxicity, this might explain the 
survival of animals that consumed large amounts of lead arsenate 
on sprayed foliage. 

Nine sheep were fed lead arsena te varying in amount from 2 gm. per 
slieep per day to 0.25 gm. Apples were included in some of the rations. 
The animals receiving 1 and 2 gm. per day of lead arsenate died within 
a few days, in most cases after having received about 1.5 gm. of 
arsenic (2 gm. AS2O3). One animal that received 0.25 gm. of lead 
arsenate per day survived for 35 days, and anotlier that received the 
same amount for 94 days continued to live and was in good condition 
at the end of 10 months, when it was slaughtered. A total of 1.5 gm. 
of arsenic in the form of lead arsenate appears to be approximately a 
lethal dose when fed in small amounts daily. This is equivalent to 
about 41.0 mgm. of arsenic (As) or 192 mgrn. of lead arsenate per 
kilogram of body weight. 

Analytical results on the stomach contents and on a number of 
organs, as well as on the urine and feces, did not account for all the 
lead and arsenic consumed. The proportion of the arsenic consumed 
which was eliminated was rather small; the proportion of the lead 
eliminated was somewhat larger. The results obtained suggest a 
relation between the quantity consumed per day and the proportion 
eliminated. When larger quantities were consumed a larger propor- 
tion was eliminated in the urine; when smaller quantities were 
consumed a larger proportion was eliminated in the feces. Even in 
the latter case the quantity of lead was greater than that of arsenic. 
Paradoxically, the sheep that eliminated the smallest percentage of 
botli arsenic and lead continued to live for 3 months. A larger pro- 
portion of lead than of arsenic was found in the stomach contents, 
presumably because of the difference iix solubility. A larger propor- 
tion of the lead and arsenic remaining in the body was found in the 
stomach contents than elsewhere, although more was eliminated than 
remained in the stomach. The inclusion of apples in the ration had no 
apparent effect on the toxicity or elimination of lead and arsenic. 
Small quantities of these elements were found in the liver, kidney, 
heart, lungs, gall bladder, bones and marrow, and wool. 
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COMPARISON OF A CHEMICAL AND A BIOCHEMICAL 
METHOD FOR DETERMINING THE BIOLOGICAL VALUE 
OF PROTEINS AND AN EVALUATION OF THE ENDOG- 
ENOUS NITROGEN ‘ 

By Floyd C. Olson, formerly research assistant, and Leroy S. Palmer, agri- 
cultural biochemist, Division of Agricultural Biochemistry, Minnesota Agri- 
cultural Experiment Station 


INTRODUCTION 

Since the discoveries that animals require specific amino acids and 
that amino acid distribution in proteins differs with a resultant 
difference in nutritive quality, a chemical method for determining the 
nutritive value of proteins has been sought. Almquist, Stokstad, and 
Halbrook (1)'^ proposed a chemical method which differed from any 
previously used. Analyses of animal protein concentrates were made 
for intact protein, protein decomposition products, indigestible pro- 
tein, and hot-water-soluble protein. A formula was then used to 
give a numerical ‘^protein quality index” (I, p, 205). 

The purpose of the present study was to compare the method of 
Almquist et al. with the Mitchell and Carman {10) modification of the 
Tliomas-Mitchell (S) nitrogen-retention method of determining the 
biological value of protein. The digestion of the protein-containing 
materials was compared in vitro and in vivo. In addition, a com- 
l)arison was made between the endogenous urinary nitrogen output 
when corrected according to body weight and when corrected accord- 
ing to body surface area {12). 

PROTEIN-CONTAINING MATERIALS 

The protein-containing materials studied are given in table 1. 
The cereals and cereal protein concentrates were commercial products 
and were used without purification. Soybean meal 1 was a solvent- 
extracted meal at 60° C. that had been heated after extraction to 110° 
for 30 minutes to drive off the residual solvent. Soybean meal 2 was 
a portion of meal 1 that had been heated at 110° for 15 hours after 
extraction. It had the characteristic straw color of heated soybean 
meals. The dry whole-egg and liver meals were commercial prep- 
arations that had been soaked in alcohol, extracted with ether for 
48 hours and air-dried. The tankage, a commercial meat and bone 
product having about 50 percent of crude protein, was soaked m 
95-percent ethanol, extracted with ethyl ether for 48 hours, and air- 
dried. The casein was a commercial casein which was purified twice 
by dissolving in ammonia, running through a supercentrifuge, and 
reprecipitating with a mixture of acetic and hydrochloric acids; it 
was then extracted with alcohol for 24 hours, witn ether for 48 hours, 

* Reived tor publioatlon October 4, 1939. Paper No. 1681, Scientific Journal Series, Minnesota Agricul- 
tural Experlinent Station. The data in this paper are taken from a thesis presented by Floyd O. Olson in 
pMtial fulfillment of the requirements for the degree of Doctor of Philosophy, University of Minnesota, 1938. 
The original data are on file in the Division of Biochemistry, University of Minnesota. 

* Italic numbers in parentheses refer to Literature Cited, p. 341. 


Journtd of Agricultural Research, 

Washington, D. C. 

( 331 ) 


Vol. 60, No. 6 
Mar. 1, 1040 
Key No. Minu.-113 



332 


Journal of Agricultural Research 


Vol. 60, No. 5 


and dried at 40° in vacuum. The crude-protein content of the pre- 
pared foods is given in table 1. 

Table 1. — True digestibility and biological value of proteins tested by the nitrogen- 

retention method 



Crude 

pro- 



True digestibility 

Biological value 

Source of protein 

tein 
con- 
tent 
as pre- 
pared 

Propor- 
tion in 
diet 

Tests 

Average 

with 

standard 

error 

Stand- 

ard 

devia- 

tion 

Average 

with 

standard 

error 

Stand- 

ard 

devia- 

tion 

Dried whole egg 

Percent 

77.18 

Percent 

H 

Number 

12 

Percent 
97.fi=t0.l7 
99.7=b .36 

0. .58 

Percent 

9.3. 9d:0- 82 

2.84 

Casein 

01.68 

8 

11 

1.16 

62. 9drl. 83 

6.09 

Whole wheat 

13.40 

8 

11 1 

91.7db .69 

1. 97 

47. 2d: 1.28 

4.24 

Wheat gluten 

76.38 

H 

10 

99. 3± .21 

.66 

41. 9d:l. 44 

4. 66 

Whole corn 

10.06 

8 

12 

91. .3± .63 

1.83 

62.6±.1.10 

3.80 

Corn-gluten meal 

42.63 

8 

10 

96.7=fc .41 

1.30 

41. 8drl. 71 

6. 40 

Liver meal-.- 

76.25 

8 

12 1 

88. 3± .40 

1..38 

66.5d= .84 

2.90 

Tankage 

66.19 

12 

14 

83.3d: .50 

1.88 

38. Idrl. 63 

6.10 

Soybean meal 1 

47.70 

8 

10 

8.3.9d--l. 10 

3. 48 

61.1d:1.16 

3.68 

Soybean meal 2 

46.00 

8 

10 

1 

84.3dr .86 

2.70 

68.6d:1.06 

3.35 


EXPERIMENTAL METHODS 

NITROGEN BALANCES 

Two different series of nitrogen-balance experiments were run. 
The first series was performed in the Division of Agricultural Bio- 
chemistry, University of Minnesota. The metabolism cages and 
collection of excreta were essentially as described by Mason and 
Palmer (7). To prevent loss of scattered feed a porcelain feed dish 
was set into the center of a 1-pound coiffee can, the side of which was 
cut down in such a way that wire netting placed over the top gave an 
incline of about 40°. 

The biological values of the tankage and soybean meals 1 and 2 
were determined in the Department of Agricultural Chemistry at 
Ohio State University, where a diflFerent techn^ue was necessary 
because of a different type of cage. The technique used here was 
essentially that of Mitchell {8) except that the filter paper containing 
the absorbed urine was submitted to direct nitrogen determination, 
blanks being run on the same amount of similar filter paper. 

The experimental protein rations furnished 4.5 percent of dry 
whole-egg protein in the nitrogen-free periods, and 8 percent of protein 
in the protein-feeding periods, except for the tank^e which was fed 
at a 12-percent level in oi*der to promote growth. To this was added 
4.5 percent of Hawk and Oser (5) salt mixture, 1 percent of NaCl, 
2 percent of cod-liver oil, filtered butterfat to give a total fat content 
of 10 percent, agar to give a crude-fiber content of about 2 percent, 
0.3 percent of vitamin Bi concentrate,^ and tapioca dextrin to com- 
plete the 100 percent. 

In the first series young male rats only were used from the highly 
inbred strains in the rat colony of the Division of Biochemistry, 
University of Minnesota. In the second series the rats, including 
eight females, were purchased from a commercial breeder. 

All the experiments involved 4-day transition periods and 7-day 
collection periods; Two experimental protein-containing rations were 

> A oommercial product, roontaining 106 InternatloDal Units of vltaminjBi’lper gram' and 0.04;peroentrbf 
nitrogen. 
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fed in the periods between initial and final nitrogen-free periods. The 
rats were so divided that one-half the products were tested in the 
first protein-feeding period and one-half in the second. 

The appetite of the rats during the nitrogen-free periods was good, 
and they all gained slightly in weight. The food intake on the wheat 
gluten and corn-gluten meal was rather low, but all rats which did 
not gain weight were discarded. 

CHEMICAL ANALYSES 

The same protein products used in the feeding experiments were 
analyzed by the procedure of Almquist and associates (f). In this 
method pepsin HCl alone is the digesting agent. In order to test its 
completeness, peptic ^ digestion was followed by tryptic,^ the solution 
being made alkaline to an alkalinity of 0.5-percent sodium carbonate 
with solid sodium carbonate, 25 ml. of 1.5-percent trypsin solution 
was added, and the sample shaken by machine for another 24 hours 
at 40°C. The insoluble material was analyzed for nitrogen. Blanks 
for the enzymatic digestion were run in the same manner as when 
protein was present. The activity of tlie enzyme preparations is 
indicated by the fact that they effected nearly ioO-percent (Hgestion 
of casein. 

It was noticed in the peptic-tryptic digestion of liver meal and 
tankage that a copious reddish-brown precipitate formed on neutral- 
izing with sodium carbonate. This was thought to be porphyrin, 
the hydrochlorides of which are soluble but which are insoluble in 
neutral or basic solution. A nitrogen analysis of the porphyrin 
precipitate was made in separate experiments to determine how much 
of this fraction classed as digestible by the procedure of Almquist 
et al, {!) would be classed as indigestible in the pepsin-trypsin digestion. 

EXPERIMENTAL DATA 

The endogenous urinary nitrogens in the nitrogen-balance experi- 
ments, corrected for body weight, are presented graphically in figure 
1. The values used for plotting figures 1 and 2 were taken from 
table 2 and a third A'-free period on 11 rats not shown in this table. 
The formula for the regression line was first calculated in terms of 
logarithms and then converted into arithmetical terms. The formula 
is A= 135.6 iy-0.469]^ where A equals endogenous urinary nitrogen in 
milligrams and W equals body weight in grams. The negative slope 
of the curve indicates that the endogenous urinary nitrogen per unit 
of body weight decreases with an increase in body weight. This 
formula differs considerably from Ashworth's {S) formula, A=69.3 
1^-0.274 calculated for certain of Mitchell's data on young rats. 

Smuts {12) reported that the endogeneous urinary nitrogen is 
more closely related to body surface than to body weight. Figure 2 
shows the same data as figure 1 plotted in relation to the body surface, 
this being calculated by Lee's {6) formula, 12.54 TF®*®® where S 
is the body area in square centimeters and W is body weight in grams. 
The formula for the regression line in figure 2 is A=5.61 where 
A is the endogenous nitrogen in milligrams and A is body-surface 
area in square centimeters. When the data are calculated according 
to Fisher's {4) ^-value, the exponent is shown to be not significantly 
different from zero. 


^ Powdor^4 pep§Jn, XT, P. Merck, was employed. • Trypsin, Difeo, 1:110, was employed. 
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BODY WEIGHT (GRAMS) 

Figubb 1.' — Regression curve of milligrams of endogenous urinary nitrogen per 
100 gm. of body weight plotted against body weight. 
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BODY SURFACE (SQUARE CENTIMETERS) 


Figure 2. — Regression curve of milligrams of endogenous urinary nitrogen per 
100 cm.2 of body surface plotted against body-surface area. 
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Table 2. — Summary of endogenous urinary nitrogen data from which figures 1 and 

S were drawn 




First N-froe period 



Second N-free period 

Rat No. 

Average 
weight 
of rat 

Food con- 
sumed 
daily 

Endoge- 
nous uri- 
nary N 
daily 

Endoge- 
nous uri- 
nary N 
per 100 
cm.* of 
body 
surface 

Average 
weight 
of rat 

Food con- 
sumed 
daily 

Endoge- 
nous uri- 
nary N 
daily 

Endoge- 
nous uri- 
nary N 
per 100 
cm.* of 
body 
surface 

1 

drams 

69 

drams 

7.6 

Milli- 

grams 

15.2 

Milli- 

grams 

9. 55 

drams 

125 

drams 

10.5 

Milli- 

grams 

17.9 

Milli- 

grams 

7.88 

2 : 

65 

7.4 

14.7 

9.68 

127 

10.6 

19.8 

8.63 

3.. 

65 

7.1 

11.5 

7.49 

124 

10.9 

21.4 

9. 46 

4 

54.5 

5.9 

10.3 

7.46 

106.5 

8.1 

15.7 

7.61 

5 

67 

6.7 

12.5 

8.00 

103. 5 

6.3 

14.7 

7.24 

« 

66.5 

6.6 

14.2 

9.13 

106 

6.1 

15.5 

7. 53 

7 

61,5 

6.4 

9.0 

6.06 

92.5 

5.9 

18. 5 

9. 75 

8 

61 

6.3 

9.1 

6.16 

104.5 

6.1 

18.4 

9.02 

9 

65. 5 

6.8 

9.7 

6.29 

81 

5. 1 

12.3 

7. 02 

10 

71 

7.3 

1.3. 3 

8.22 

119.5 

8.2 

1.5.3 

6. 91 

12 

61,5 

6.8 

9.5 

6.40 

108 

8.1 

16.4 

7.88 

13 .. . 

65 

6.8 

12.7 

8.27 

86 

6.2 

12.2 

6.72 

14... 

67. 5 

8.2 

13. 5 

8.60 

87.5 

8.0 

17.1 

9. 32 

15... . 

63 

7.2 

12.7 

8.43 

81 

7.0 

1.3.3 

7.60 

16 - 

#54. 5 

7.7 

13.5 

8. 84 

83 

6.9 

13.8 

7.77 

17.. 

65. 5 

8.3 

13.8 

8. 96 

88. 5 

8.9 

15.4 

8. 34 

18... 

60. 5 

7.3 

13.2 

8. 98 

72.5 

6.8 

12.6 

7.69 

19 

58 

6.7 

12.4 

8.65 

78.5 

8. 0 

1.3.8 

8.03 

20 

68 

7.4 

11.8 

7.48 

120.5 

9.6 

16.6 

7.42 

21 

68.5 

7.3 

11.1 

7.01 

86 

6.0 

12.0 

6. 61 

22 

62.5 

6.7 

13.1 

8.74 

73.5 

.5.5 1 

11.6 

7.02 

23 

59 

5.8 

12.4 

8.66 

70 

4.9 

11.2 

6. 98 

24 

64 

7.3 

11.0 

7.24 

79 

5.0 

11.0 

6.38 

•25 

64 

7.5 

10.1 

6.64 

111 

8.1 

13.7 

6.47 

2ri 

77.5 

8,3 

15.4 

9.03 

96.5 

5.6 

14.5 

7.46 

27 

75 

8.0 

14.4 

8.61 

92.5 

6.8 

1.3.7 

7.22 

28 

65. 5 

7.5 

11.1 

7.20 

80 

5.0 

11.0 

6.33 

29... 

69.5 

6.7 

11.1 

6.96 

83 

.5.2 

12.3 

6.92 

30 

78.5 

8.2 

14.6 

8. 49 

98. 5 

7.6 

16.2 

8.23 

31 

60.6 

6.1 

10.8 

7.36 

73 

4.0 

9.9 

6.02 

32 . 

62 

7.4 

11.2 

7. 61 

83 

8.6 

13.7 

7. 71 

33 . 

61.5 

6.7 

11.4 

7.68 

75.5 

6.2 

14.7 

8. 76 

34 

58.6 

6.0 

11.2 

7.78 

76.6 

7.0 

12.1 

7.15 

35 

62 

6.3 

9.9 

7.38 

67 

6.0 

10.6 

6. 78 

36 

67.5 

6,0 

11.3 

7.92 

72 

6.3 

12.8 

7.84 

37 

57.5 

6.2 

13.3 

9. 33 

70 

6.8 

15.2 

9.47 

38 

57.5 

6.1 

14.4 

10. 10 

69.5 

5.7 

10.0 

6.26 

39... 

71 

1 7.4 

11.9 

7.35 

82.5 

6.8 

14.3 

8.07 

40 

63 

6.9 

10.9 

7.24 

68.5 

4.8 

14.5 

9.16 

41...- 

73 

7.4 

11.1 

6.75 

81.5 

6.1 

1.3.4 

7.62 

42 

66.5 

6.3 

11.3 

7.26 

70 

4.4 

14.7 

9.16 

43 .... 

56.5 

6.3 

10.9 

7.73 

69.6 

5.3 

1.3.3 

8. 32 

44 

63 

6.9 

11.1 

7.37 

7.3.6 

6.1 

19.9 

12.05 

45 

66 

7.4 

10.5 

6.78 

80 

6.2 

14.1 

8.11 

46 

60 

5.9 

11.8 

8.07 

67.5 

5.3 

15.5 

9.87 

47 

56 

6.4 

10.6 

7.55 

68 

6.1 

11.9 

7. 55 

48. 

68 

6.7 

13.0 

8.24 

78 

6.6 

16.8 

9.81 

49 

63.5 

6.6 

11.8 

7.80 

72 

5.5 

1.3.4 

8. 21 

50 

63 

8.0 

0) 

0) 

93 

7.7 

13.9 

7.30 

51 

60 

7.8 

8.3 

.5.67 

97 

8.0 

16.5 

8. 46 

52 

61 

8.0 

12.1 

8.19 

97 

8.0 

16.2 

8.30 

53.... 

61 

7.9 

14.3 

9.68 

89 

8.0 

15.9 

8.68 

54 

63 

8.0 

7.4 

4.91 

92 

8.0 

17.5 

9.26 

55 

57 

8.0 

9.7 

6.84 

85 

7.4 

15.6 

8.66 

56 

63 

8.0 

(t) 

0) 

84 

7.9 

12.6 

6.98 

57 

59 

8,0 

11.3 

7.80 

86 

8.0 

17.5 

9.64 

58 

60 

7.9 

12.3 

8. 41 

86 

7.9 

16.9 

9. 37 

59. 

62 

7.9 

17.3 

11.60 

76 

6.8 

13.3 

7.89 

60... 

59 

7.9 

(0 

0) 

93 

7.9 

15.4 

8.09 

61 

60 

7.9 

13.7 

9.36 

89 

8.0 

16.3 

8.80 

62....: 

60 

7.9 

13.1 

8.95 

90 

7.9 

15.4 

8.25 

63 

65 

7.8 

13.3 

8.66 

94 

8.0 

16.5 

8.62 

64 

64 

7.9 

11.4 

7.50 

92 

8.0 

16.8 

8.89 

65 

63 

8.0 

14.6 

9.69 

86 

8.0 

18.8 

10.43 

66 

63 

8.0 

16.1 

10.02 

90 

7.9 

16.0 

8.57 

67 

60 

7.8 

14.6 

9.98 

76 

7.5 

16.1 

8.96 

68 

62 

8.0 

0) 

0) 

90 

8.0 

17.6 

9.43 

71 

60 

7.9 

17.2 

11.76 

90 

7.7 

1.3.8 

7,40 

72 

59 

7.7 

14.1 

9.74 

86 

7.7 

14.3 

7.87 

73 

60.5 

7.9 

16.5 

11.22 

88 

7.7 

15.8 

8.58 

74 

' 57 

7.7 

14.9 

10.50 

84 

7.7 

15.9 

8.88 

75 

57 

7.9 

12.8 

9.02 

85 

7.7 

12.5 

6.93 


> endogenous urjnary N lost. Results based on second period. 
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When the data from MitchelPs laboratory, as used by Ashworth 
(3) are plotted in figure 3 on the body-surface-area basis, the regression 
formula A^=3.44 jg obtained. This formula shows a larger 

increase in endogenous urinaiy nitrogen per unit of body surface 
with an increase in body surface than does the regression line in 
figure 2. An inspection of figure 2 shows a fair grouping of the values 
around the regression line. However, the values from Mitchell’s 
laboratory show no grouping around the regression line but a wide 
scattering over the range of 5 to 17 mgm. per 100 cm.^ of body surface. 
This wide scattering of the points appears from the original data 
to be owing more to a variation between groups on different rations 
than to differences between individual animals. This would indicate 
that the variation was due to lack of complete control of the experi- 
mental procedure. For example, in some cases, even with whole egg 
in the ration, the animals lost weight, indicating that the food intake 
was not sufficient for the energy requirements. This would tend to 
increase the endogenous urinary nitrogen. Ashworth (2) reported 
that a 4-day preliminary period on a nitrogen-free ration is not 
sufficient for attainment of a low food intake. Mitchell and Beadles 
(9) reported a case in which the true endogenous level was not reached 
with a 4-day preliminary period. 

However,* it is to be noted that some of the values from Mitchell’s 
data are for rats larger than those plotted in figure 2. Other determi- 
nations of endogenous urinary nitrogen on adult rats (not reported 
here) have given values considerably higher than 8 mgm. per 100 
cm.2 of body surface even though a longer depletion period on a 
nitrogen-free ration was used. Smuts (12) found that rats weighing 
150 gm. or more give an average endogenous urinary nitrogen of 
15.40 mg. daily per 100 cm.^ of body surface. Calculations made 
from results obtained bv Mason and Palmer (7) and by Lohn ® from 
this laboratory on adult rats show values almost as high as those 
obtained by Smuts. Thus, it would seem that, whereas young I’ats 
of 50 to 100 gm. body weight show an endogenous urinary nitrogen 
output of 6 to 10 mg. per 100 cm.^ of body surface, older rats attain 
a considerably greater average output when calculated per unit body 
surface. 

Table 1 gives the biological value and true digestibility with the 
standard errors and standard deviations for the test proteins. For 
the biological value calculations, the endogenous urinary nitrogen was 
corrected for changes in body surface area, and the metabolic fecal 
nitrogen was corrected for each gram of dry food intake. 

Table 3 shows the significance of the differences between certain 
means, by using formulas given by Treloar ^ and referring to Shep- 
pard’s (11) tables for the relative' deviate, x\ in the determination 
of the probability for comparisons of biological value and digestibility. 
For comparisons of endogenous urinary nitrogen where correlation is 
expected, Fisher’s (4) formula was used. 

® Lohn, C. a study of the efficiency of food metabousm for the maintenance of inbred animals 
DIFFERING IN THEIR EFFICIENCY OF FOOD UTILIZATION DURING GROWTH. ThCSiS, Ph. D., Univ. Minn. 

7 Treloar. Alan E. an outline of biometric analysis. 3 v. in 1. Burgess Publishing Co., Minne- 
apolis. 1935. (Mimeographed.! See pp. 23-29, and 56. 
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BODY SURFACE (SQUARE CENTIMETERS) 

Figure 3. — Regression curve of milligrams of endogenous urinary nitrogen per 
100 cm.2 of body surface plotted against body-surface area. Mitcheirs data 
as cited by Ashworth (3), 
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Table 3. — Determination of significance of differences in means for endogenous 
urinary-nitrogen and other data 


Item 

Period or v^ue 

Mean 

Standard 

deviation 

Probability 



Milligram 



Endogenous urinary nitrogen per 100 

[First N-free period 

10.6 

3.4 

} 0.001 

gm. of body weight. 

\Second N-free period 

17.1 

2.6 

Endogenous urinary nitrogen i)er 100 

[First N-free period 

8.2 

1.4 

} .674 

cm.3 body surface. 

1 Second N-free period. . . 

8.1 

1.1 

Endogenous urinary nitrogen per 100 gm. 

[First N-free period 

22,1 

5.0 

1 .001 

of body weight, Mitchell’s data (5). 

\Second N-fr^ period 

18.8 

6.1 

Endogenous urinary nitrogen per 100 
cm.> of body surface, Mitchell’s data 
(S). 

[First N-free period 

[Second N-free period 

10.2 

10.3 

2.2 

3.3 

} 


Percent 



Whole wheat- 

Biological value 

47.2 

4.2 

} .006 

Wheat gluten 

do 

41.0 

4.6 

Whole corn 

do 

52.5 

3.8 

} .001 

Corn-gluten meal 

do 

41.8 

5.4 

Soybean meal 1 

do 

61.1 

3.7 

} .001 

Soybean meal 2 

do 

68.5 

3.3 

Soyl)ean meal 1 

Digestibility 

&3.0 

3.5 

1 .83 

Soybean meal 2 

do 

84.3 

2.7 


Table 3 shows that when the endogenous urinary nitrogen is cor- 
rected for body weight, a significant fall is noted between the first 
and second periods, but not when the correction is made for body 
surface. This is also shown to be true for the data from MitchelPs 
laboratory (5). A significant difference is shown between the mean 
biological value of whole-wheat and wheat-gluten proteins, between 
whole-corn and corn-gluten proteins, and between raw and heated 
soybean-meal proteins. However, no significant difference is shown 
in the digestibility of the two soybean meals. 

The results obtained by the chemical method of Almquist et al. 
(1) are given in table 4. The digestibility determinations of the 
proteins in vitro do not agree very closely with the corrected digest- 
ibihty obtained from the rat data. The com proteins show a higher 
digestibility in vivo while whole-wheat, soybean, and tankage pro- 
teins tend to give better digestion in vitro. The differences between 
digestion of tankages and liver meal by pepsin HCl and on peptic- 
tryptic digestion show that a considerable amount of porphyrin-like 
material is present, and therefore there is a distinct error in the 
niethod employed by Almcpiist and associates for determining digest- 
ibility. The digestibiUty used in calculating the protein quality 
index was the value obtained in vitro wliich most nearly approached 
the digestibility in vivo. The explanation of this is given m the last 
column of talile 4. The data indicate that no single method of 
enzymatic digestion is comparable with animal digestion. 
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Table 4. — Results obtained for digestibility of proteins from various sources y ex- 
pressed as percentage of total nitrogen^ chemical {in vitro) means of digestion and 
determination being used 


Source of protein 

Copper 

precipi- 

table 

(A)» 

Phos- 

pho- 

timgstic 

acid 

precipi- 

table 

(D)i 

Undi- 

gested 

with 

Undigest- 
ed with 
pepsin 
neutral- 
ised after 
digestion 

Undi- 

gested 

with 

pepsin 

and 

trypsin 

Undi- 

gested 

1 residue 
as de- 
termined 
from rat 
data 

Hot- 

water 

soluble 

(C) 

Protein 

quality 

index 

Method of 
digestion 
used for 
calculation 

Dried whole egg 

100.0 

0.0 

4.2 


0.0 

2.2 

4.1 

93.3 

Pepsin. 

Casein 

05.7 

.5 

4.7 


.1 

.3 

3.8 

93. 5 

Trypsin. 

Whole wheat 

81.3 

4.2 

5.8 


3. 5 

8.3 

13.4 

09.2 

Pepsin. 

Wheat gluten 

84.0 

8.3 

.6 


.2 

.7 

16.0 

77.1 

Do. 

Whole corn 

85.4 

8.7 

41.0 


17.4 

8.7 

2.0 

70. 3 

Trypsin. 

Corn-gluten meal - . 

94.0 

2.3 

10.8 


5.9 

3.3 

1.8 

87.9 

Do. 

Liver meal 

86.9 

5.9 

11.0 1 

15.3 

11.6 

11.7 

11.5 

73.1 

Do. 

Tankage 

78.9 

11.7 

11.1 j 

13.9 

9.0 

16.7 

16.2 

60.0 

Pepsin, neu- 
tralized. 

Soybean meal 1 

95.4 

.3 

9.9 1 


3.5 

10. 1 

9.0 

80.1 

Pepsin. 

Do. 

Soybean meal 2 

96.2 

.4 

11.3 j 


3.7 

15.7 

6.5 

81.2 


* Protein quality index “y4—(jR+0.6 C)+0.4 i). 


The data of tables 1 and 4 are compared in %ure 4. There seerns 
to be little correlation between the two methods. However, it will 
be noted that the natural foods, to which no protein material had 
been added or from which none had been subtracted, lie on a fairly 
straight hue. Casein, corn gluten, and wheat gluten, which are more 
or less isolated proteins, give qiiite different results by the chemical 
method as compared with the nitrogen-retention method. 



Fioubb 4. — Comparison of the protein quality index with the biological value 
for proteins^ from different sources. Data from tables 1 and 4. 
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SUMMARY 

Nitrogon-balance studies were made with young rats, 10 food 
proteins being used. The values obtained (rounded) were: Whole 
egg 94, casein 63, whole wheat 47, wheat gluten 42, whole com 52, 
corn-gluten meal 42, liver meal 56, meat and bone tankage 38, sol- 
vent-extracted soybean meal 61, and heated solvent-extracted soy- 
bean meal 68. 

The same foods were used for the determination of the protein 
(piality index by the Almqjuist chemical method. 

The digestibility of the proteins was calculated from data obtained 
by the nitrogen-retention method. An attempt was made to com- 
pare these values with the digestibiUty determined by means of 
enzymes. The digestibility in vitro showed a jioor comparison with 
the" digestibility in vivo. 

The protein quality index showed no comparison with the biological 
value by the nitrogen-retention method when used on isolated pro- 
teins. For natural foods the comparison is fair if the enzymic di- 
gestibility most similar to that in vivo is used for the calculation of 
the protein quality index. 

Heated soybean meal was found to have a higher biological value 
than raw, but no difference was found in the digestibility of the raw 
and heated meals. 

Correction of the endogenous urinary nitrogen according to body 
surface was foimd to give less variation than correction according to 
body weight. Wlien the body surface correction was made, no dif- 
ference was shown in endogenous urinary nitrogen between the first 
and second nitrogen-free periods. 

The regression lines were plotted for the endogenous urinary nitro- 
gen when calculated according to body weight and body surface area. 
The formula for the regression line for the body weight graph is 
N=135.6TT^“®-^®®’ and for the body surface graph, A^=5.61A®*®®®. 
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COMPARISON OF THE ACCURACY OF TWO METHODS OF 
ESTIMATING FINENESS OF WOOL FIBERS* 


By Ralph W. Phillips, formerly physiologist, R. G. Schott, animal husbandman, 

J. I. Hardy, senior animal husbandman, and H. W. Wolf, junior animal fiber 

technologist, Animal Husbandry Division, Bureau of Animal Industry, United 

States Department of Agriculture 

INTRODUCTION 

Diameter of wool fibers is one of the most important points to be 
considered in evaluating a fleece, either with respect to some phase of 
scientific work or from a commercial viewpoint. The method most 
commonl^y used for estimating the diameter is to compare fibers from 
a sample in question with standard fibers of known diameter or with 
a mental picture of such standards. Hardy and Wolf {JfY recently 
< I escribed a method in which enlarged cross sections of the fibers in 
question were compared with similarly enlarged fibers of known 
diameters which make up the set of standards. The object of the 
present study was to compare the accuracy of these two methods. 

MATERIAL AND METHODS 

One hundred sanmles of wool were selected from samples available 
in the laboratory. These were obtained from Rambouillet, Corriedale, 
and Columbia yearling ewes at tiie United States Sheep Experiment 
Station, Dubois, Idaho. The average diameter of each sample was 
determined by measuring the actual diameter of the fibers, up to a 
maximum of 100, in a given area of the cross section. In some of the 
coarser samples there were not 100 fibers in the area; in 17 samples 
there were only 50 fibers, and in 13 samples 90 fibers. The diameter of 
each fiber was obtained by taking 2 measurements at right angles to 
each other and obtaining the average of these 2 measurements. These 
determinations were made after completion of the scoring work on 
the 100 samples. Consequently, there was no information on actual 
diameters available to the judges at the time the scoring was done. 

As a check on the actual diameters of the fibers, the diameters were 
estimated by the count method described by Hardy and Wolf (4). 
A correlation of 0.98 was found between diameters estimated in this 
maimer and the direct measurements of fibers described. 

For convenience, the two methods compared in this study are 
designated in this paper as method A, in which enlarged cross sections 
of fibers were compared with cross sections of known diameter, and 
method B, in which fibers were compared directly with those of known 
diameter. 

In method A, a bundle of fibers from each sample was cross-sectioned 
by the method described by Hardy (S). The cross sections were 
photographed on positive 35-mm. film strips and projected to 1,000 
magnmcations for comparison with the standard, which consisted of a 

* Received for publication November 3, 1939. 

* Italic numbers in parentheses refer to Literature Cited, p. 349. 
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similar film having photographs of cross sections of known diameter 
magnified to the same extent. The various cross sections in the 
standard set were projected in succession adjacent to the image of the 
unknown until the observer decided which sample of known diameter 
the unknown most nearlv approached. This method is described in 
detail by Hardy and Wolf (4). The standard set used contained the 
following nine wool grades, based on spinning counts: 80s, 70s, 64s, 
60s, 56s, 52s, 48s, 44s, and 40s. 

In method B, fibers from tlie samples were compared with fibers in 
a set of standard samples, which included the same nine grades as 
were used in method A. This set of samples was selected as being 
representative of the respective grades on the basis of both visual 
appearance and measurements of the diameter cf cross sections. 

The diameter of each sample was estimated by each method on 
3 different days by 5 judges all of whom were experienced in the grading 
of wool. Thus 1,500 observations were made by method A, and the 
same number by method B. Statistical analysis of the data was made 
to determine the accuracy of each method. The statistical procedures 
are indicated in the discussion of each phase of the analysis. For 
convenience in analysis and in presentation, the grades arrived at in 
both methods were classified from 1 to 9, corresponding to the wool 
grades of 80s to 40s. The term ^^score’^ as used subsequently in this 
paper refers to the class numbers representing the grades into which 
the samples were classified by the judges. 

EXPERIMENTAL RESULTS 

DIFFERENCE IN SCORING LEVELS OF THE TWO, METHODS 

The placement of the samples by the five judges, in methods A and 
B, is given in table 1. The distribution of the samples based on actual 
measurements of cross sections is also given in table 1 for comparison 
with the scores given by the judges. The superiority of method A 
as evaluated by this procedure is obvious, 96 percent of the samples 
being placed in the correct class or deviating only 1 class from the 
correct one, whereas with method B only 44 percent were placed 
correctly or within 1 class of the correct one. 

In the greater number of deviations from the actual values under 
^method A the diameters of the fibers were underestimated, that is, 
they were estimated to be finer than they actually were; whereas in 
method B the diameters of the greater number were overestimated that 
is, estiihated to be coarser than they were. Since the totals given in 
table 1 are based on 100 samples and are average placements of 5 
judges, the numbers may be considered as percentages or probabfiity 
placements. 

Another method of showing the accuracy of the determinations by 
the use of methods A and B is given in figure 1. The frequency based 
on actual measurements is plotted against the class scale and is given 
by the solid line. The placement of samples according to method A 
follows closely that of the direct measurements, whereas the distribu- 
tion by the use of method B is strikii^ly different and indicates that 
the judges, not being able to distinguish the relative diameters of the 
fibers, tended to place them toward the middle of the scale. 
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Table 1. — Comparison of methods A and B in average placement of 100 wool 

samples by 5 judges ^ 


(.’lass No. 


Total.. 


Kango in 
average 
diameter 
of fibers * 


Microns 
10-J7.9 
18-19.9 
20-21.9 
25 ^- 28. 9 
24-25.9 
20-27. 9 
28-29. 9 
ao-3i. 9 
32 -a?. 9 


Samples in each class— 


As 

found 

by 

actual 

meas- 

ure- 

ments 


Deviating from actual measurements by number of classes 
indicated (-f signifies ovorestimation; underestima- 
tion), as estimated by— 


Method A 

Method B 

0 

+1 

-1 

+2 

-2 

0 

+1 

-1 

+2 

-2 

+3 

-3 

+4 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

8 

3 







0 


1 


4 


2 

8 



2 

2 


2 


10 



14 

4 

9 



3 


2 

19 


2 


1 

10 


9 



1 

14 

..... 

5 

..... 

1 

..... 


1 


5 




2 

■'2 

2 





1 


2 


1 

2 

2 











2 


3 

2 

2 



1 






2 





~2 

















45 

12 

39 

0 

4 

13 

25 

6 

34 

1 

15 

0 

6 


1 For description of mcthod.s, S(‘e p. 343 and 344. 

a The range in diameter in each class was arrived at arbitrarily, the distribution curve being based on 
actual measurements of the ninth class, which is wider because of the few samples occurring in this group; 
therefore, the ranges differ somewhat from those given by Hardy and Wolf U). 



Figure 1. — Distributions of average diameters of 100 samples of wool, as deter- 
mined by 3 different methods. 

The frequencies obtainedlwith methods^A and B were correlated 
with the frequency obtained with the direct measurements. In 
method A, the correlation was 0.95; in method B, 0.77. These corre- 
lations are significantly different from a population in which the 
correlation is zero. In order to test the difference between the corre- 



346 


Journal of Agricvltural Research 


Vol. 60, No. 6 


lations of 0.95 and 0.77, the method given by Fisher {2) was used. 
The probability of these values arising from the same population is 
less than 0.001. This finding is taken as statistical support to the 
conclusion that methods A and B are completely different in their 
placements of the samples in relation to the standard values. 

SOURCES OF VARIANCE IN THE TWO METHODS 

In order to evaluate the elements that contribute to the variability 
in the procedures, the data obtained by each method, A and B, were 
studied separately by usmg Fisher's analysis of variance {2), The 
mean squares calculated in that analysis were then transformed into 
percentages according to a plan first adopted by Lush ^ in a similar 
study, and later used in a study of two scoring methods employed in 
evaluating certain swine characters by Hetzer and Phillips (5). Table 
2 gives the proportion of the variance due to factors which it is b<^- 
lieved have an important influence on the variability of the scores. 
The method for testing significance was the F test given by Snedecor 
(6) for differences between mean squares as calculated in the analysis. 


Table 2. — Percentage of variance contributed by each source to the total variance in 
the scores by the 2 methods 


Source of variance 

Method A 

Method B 

Source of variance 

Method A 

Method B 

Between samples 

Between Judges.-- 

Between days 

JudgesXsamples 

DaysXsamples 

Percent 

1 82. 31 

1 4. 76 
1.46 
2.63 
-.21 

Percent 
*70.73 
*4.66 
.03 
* 13.02 
6.40 

Judge^Xdays 

SamplesXjudgesXdays .. 

Total 

Percent 

*0.69 

9.56 

100.00 

Percent 

2 0, 69 
4.68 

100.00 


1 Highly significant (p=<0.01). 
* Significant (p=*<0.05). 


The error term used in testing the significance was the source of 
variance listed as samplesXjudgesXdays. The percentages of vari- 
ance owing to this source are included in table 2 to show the relative 
importance of causes of variation other than the first six listed. A 
part of the variance expressed by this error term evidently is caused 
by random error in scoring; however, other factors such as shifts in 
individual opinion of the judges in scoring may also be important 
causes of this variance. 

In teth methods the variance due to differences between samples 
was highly significant. Since the methods are designed to measure 
differences between samples, the one that demonstrates the greater 
percentage of variance in this item would be the better method for 
detecting differences. 

The variance due to differences between judges was suflBciently 
large to indicate highly significant ^erences m me scoring levels of 
the judges. The amount of variation contributed by this source was 
about equal in the two methods. 

Variance due to differences between da^s was small in both methods 
but is suffidently lai^e to be ^hly sig^cant in method A because 
it enters into the scoring 500 times a day; therefore, the mean square 
becomes significantly large. 

’ JAT L. RBFBATABILITT Of SCOBBS MADB BY THB 8AMX MAN. [tTopUblishafi.] 
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Of the double interactions, only one, the interaction of judges and 
samples in method B, was highly significant. Interactions of judges 
and days were significant in both methods, although in neither case 
is the variation large enough to be considered important. 

CORRELATIONS BETWEEN SCORES 

The extent to which the scores of the samples were likely to be the 
same on different days, the correspondence of the scores of the same 
judge on different days, and the extent to which the judges agreed in 
their scores for the same sample, are given by the intraclass correla- 
tions in table 3. These correlations are all highly significant. The 
(•correlations are similar in size for both methods, but in all cases those 
for method A are slightly higher, indicating a tendency for greater 
accuracy of method A as judged by these intracla-ss correlations. 


'I’able Z.—Jiitradms correlation between the scores given each sample by the 2 

methods 


Intraclass correlation 

Method A 

Method B 

Between scores of samples on different days 

0. 08 

0,90 

Between scores of the same judge on different days 

.87 

.86 

Between scores of the same sample by different judges 

.03 

.82 



INDIVIDUAn-JUDGE PLACEMENTS 

Since it is of interest to know how the individual judges placed the 
scores in the two methods, the data were grouped by judges, as given 
in table 4. The niunber of times each judge placed the sample cor- 
rectly is given under each method. The plus and minus deviations also 
are given. The correlations (r) indicate the consistency of the judges 
in placing the samples. For example, judge No. 5 imder method A 
placed the fewest samples correctly. However, the consistency with 
which he placed the samples is shown by the lughest correlation, 0.84. 
Under method B the judges seemed to be consistent in their placement 
as indicated by the correlations, but the number of accurate place- 
inents was low, and the deviations were preponderately on the plus 
side, that is, the fibers were judged to be coarser than they actually 
were. 

Table 4. — Placement of scores by the individual judges, using the 2 methods 


Deviation from actual moasoroments by number of classes indicated (+ signifies 
ovorestimation; — , underestimation) as estimated by— 



Judge No. 

Method A 

Method B 



-3 

-2 

-1 

0 

+1 

4-2 

4-3 

r 

-2 

-1 

0 

1+1 

-\-2 

1+3 

+4 

+6 

r 



No. 

No. 

No. 

m 

No. 

No. 

No. 


No. 

No. 

No. 


No. 

No. 

No. 

No. 





5 

28 

48 

18 

1 


0.81 


7 

11 


24 

22 

9 

2 

0. 61 

2 


1 

12 

47 

33 

7 


.81 

3 

6 

13 


1 ^ 

11 

4 

3 

.63 

3 

1 

7 

39 

44 

0 



.82 

2 

8 

27 

27 

25 

10 

1 


.79 

4 


7 

38 

43 

mm 

"l 

"l 

.81 

2 

8 

6 

24 I 

22 

24 

12 

”2‘ 

.61 

5 


17 

44 

37 

2 



.84 

1 

15 

27 1 

25 

24 

6 

2 

.67 
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The general observations to be made from table 4 are that all 
judges were working within either method with approximately the 
same degree of success, and the relative accuracy of the two methods 
is not biased by individual judges. 

DISCUSSION 

The experimental findings indicate clearly that method A is more 
accurate in estimating wool-fiber diameter than is method B. With 
method A the judge not only is able to see the cross sections of fibers 
at 1,000 magnifications, but also he can view them without being 
confused by grease and dirt, crimp, and differences in light refraction. 
Furthermore, he is able to note and consider variability in the diam- 
eters of individual fibers. The psychological and physiological 
effects of these various factors on the wool scorer are discussed by 
Tanzer (7). 

The fundamental basis of the visual judgment of the fineness of 
Wool is the Fechner-Weber psycho-physical law, as discussed by 
Barker (i, 'pp, 141-151), This law was stated by Fechner in 1860 as 
follows: 'Tn order that the intensity of a sensation may increase in 
arithmetical progression the stimulus must increase in geometrical 
progression.” His general formula is I=C log where I is the 
sensation, S the stimulus, and C a constant. The failure of the judge 
to place the fineness of wool in the correct groupings or classes seems 
to indicate that the so-called law does not hold. 

Method A requires much more equipment and time than method B, 
and in some types of work this expenditure would not be justified. 
However, it seems evident that method B cannot be expected to yield 
satisfactory data for experimental or other purposes in cases in wliich 
the dietection of small differences in diameter is essential. 

SUMMARY 

A comparison is made of the accuracy of two methods for estimating 
the diameters of wool fibers. In method A the diameters of cross 
sections of 100 wool samples, after being projected to 1,000 diameters, 
were estimated by comparing with a standard set of known diameters 
enlarged to the same magnitude. In method B the diameters of 
wool fibers from the same 100 samples were estimated by comparing 
with a standard set of wool samples of known diameters. Five 
judges estimated the diameter of each of the 100 samples on three 
different days, making a total of 1,500 observations by each method. 
For comparison, the average diameters of the 100 samples were 
determined by actual measurements of the fibers in enlarged cross 
sections. 

By method A, 45 of the 100 samples were placed correctly, based on 
the average scores for the judges, and only 4 deviated as much as 2 
classes from the actual measurements. By method B only 13 samples 
were placed correctly, and 6 samples deviated 4 classes from the 
classes in which they were placed by direct measurements. Judges 
tended to underestimate diameter by method A and to overestimate 
by method B. 

The distribution of the 100 fibers based on estimates of diameters 
by method A agrees closely with that based on actual measurements, 
whereas that obtained by method B is distinctly different. 
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An analysis of variance shows that 82.3 percent of the variance in 
the scores obtained by method A is due to differences among wool 
samples, whereas in method B only 70.7 percent is due to this source 
of variance. 

Intraclass correlations between scores of samples on different 
days, between scores of the sarne judge on different days, and between 
scores of the same sample by different judges are all higldy significant 
for both methods. In all cases the correlations for method A are 
higher but the differences are small. A study of the placements by 
individual judges indicates that all judges were working with about 
the same degree of accuracy within each method . 

The findings indicate that the use of method A results in estimates 
of fiber diameters that are nearer the actual measurements, and that 
this method is more desirable than method B in all types of work in 
which the detection of small differences in fiber size is essential. 
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CYTOLOGY OF PARTHENOGENESIS IN POA PRATENSIS' 


By Fred W. Tinney ^ 

Formerly assistant agronomist^ Division of Forage Crops and Diseasesy Bureau of 
Plant Industryy United States Department of Agriculture 

INTRODUCTION 

Since Miiiitzing (8) ^ announced in 1932 that seed is set without 
f^ametic union (apomixis) in certain Swedish biotypes of Poa pratensis 
L. and P, alpina L., and with gametic union (amphimixis) in certain 
Swiss biotypes of P, alpina, several other investigators have reported 
evidence that apomixis occurs in P. pratensis. The cytological studies 
heretofore published, however, do not adequately explain apomixis in 
these species. The observations herein described pertain to the cytol- 
ogy of apomictic seed development in P. pratensis. 

REVIEW OF LITERATURE 

The studies of Miintzing {8) on Swedish biotypes of Poa pratensis 
showed that plants of different biotypes (or progeny from different 
plants) might have different somatic chromosome numbers, whereas 
plants of the same biotype (or the progeny from one plant, in one 
known instance) possess tne same maternal chromosome number. He 
found also that plants with a common maternal origin were extremely 
uniform in morphological type and that the chromosome behavior in 
the meiotic divisions of the microsporocytes was frequently irregular 
although this irregularity had no apparent effect on fertility. Miint- 
zing (5), in a study of twin seedlings, found that the two plants ob- 
tained from one seed usually had approximately the same number of 
chromosomes but that it was not uncommon for one member of such 
a pair to b(! approximately triploid in respect to the diploid chromo- 
some number of its twin. 

Nilsson {10 y 11 y 12) foinul that self-fertility might vary from 0 to 
78.9 percent in different plants of Poa pratensis and that the fertility 
of open-pollinated plants might vaiy from 2.G to 78.1 percent. He 
suggested that fertility in individual plants is affected by the environ- 
ment and that in soiiu^ plants sterility is due to defective sex organs. 
He concluded that the seeds of P. pratensis are set apomictically in 
nearly all cases. This species, however, presents a case of pseudogamy 
since pollination must be effected to induce seed development. Occa- 
sional intermediate fonns appear, which Nilsson suggested result from 
gametic union. 

‘ Received for publication July 1, 1939. The investijration herein described is a part of a project 
on the improvement of pasture (uasses that is being conducted cooperatively between the Department of 
Agronomy, Wisconsin Agricultural Experiment Station, and the Division of Forage Crops and Diseases, 
Bureau of Plant Industry, U. 8. Department of Agriculture. 

* The author lost his life in the sinking of the S. S. Athenia on September 3 or 4, 1939, while on his return 
from the Seventh International Congress of Genetics, which met at Edinburgh, Scotland, August 23-29, 
1930. In submitting the manuscript of the present paper the author asked that acknowledgment be made 
of the assistance of Arnold Lueck and Paul Ozanne, who aided in making the cytological preparations; 
of Prof. O. S. Aamodt, who contributed in many ways toward the completion of the work; and of Prof. 
O. E. Allen, who aided in the final preparation of the manuscript. 
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Akerberg {3) also concluded that apomixis commonly occurs in Poa 
pratensiSj although he has found four bio types that regularly reproduce 
sexually. He found pollination necessary to initiate apomictic seed 
development; the pollen of P, alpma was nearly as effective in pro- 
viding the stimulus to the development of the ovule of P. pratensis as 
was its own pollen. Fertilization is thought to occur occasionally in 
apomictic plants, since intennediate types appear. It is suggested 
from the chromosome number of one hybrid, that it arose from a 
fusion of an unreduced egg and a reduced male gamete (Jf). Another 
hybrid that Akerberg obtained from pollinating unemasculated florets 
of P. pratensis with pollen from P. alpina suggested by its chromosome 
number that it arose from fertilization of a reduced egg by a reducetl 
male gamete (2), 

Cytological studies on the embryo-sac development have been made 
by Andersen (4) and Armstrong (5). Since Andersen/s study was 
made prior to the suggestion that apomixis occurs in Poa, she natu- 
rally did not consider seed development from tliis point of view. She 
stated, however, that ‘fertilization was not observed by the author, 
although the slides were carefully examined for this detail. 

Armstrong (5) found that plants from different strains of Canadian 
and European origin might have different chromosome numbers. 
All the strains that he studied gave evidence of the occurrence of 
meiosis in macrospore mother cells. He concluded, from the presence 
of paired chromosomes at diakinesis in macrospore mother cells and 
from the good gennination of pollen, that fertilization occurs in two 
strains, Mammotli from Ontario and No. 994 from Aberystwyth. It 
is interesting to note that he found the plants of the Mammoth strain 
morphologically imiform. 

Other reported apomictic species in the Gramineae are: Poa palustris 
L. (P. serotina Ehrh.) (7); P. alpigena (E. Fries) Lindrn., P. glauca 
Vahl., P. arctica R. Br. (6); Calama^rostis obtusata Trin. (15); and 
Nardus stricta L. (14)* Tlie complete cytological facts are not known 
for any of these species. 

MATERIALS AND METHODS 

Seed of Poa pratensis collected from some of the oldest permanent 
pastures in Wisconsin was grown as single clones in the agronomy 
greenhouses and on the university farm at Madison, Wis. Most of 
the material for cytological study was collected from plants growing 
in the greenhouses during the past three winters, although some 
material was studied from collections made during summers in the 
field nursery. 

In order to avoid confusion due to collecting material from plants 
differing among themselves in their method of reproduction, as many 
stages as possible were studied m material collected from the same 
clone. Altogether 5 clones of different bio types have been studied 
in detail. In faddition, material from 1 clone from each of 12 
different biotypes was collected in the field nursery for a study of 
embryo develrament in the embryo-sac just before pollination. 

Individual norets were separated from the spikelets with the aid of 
a dissecting microscope, submerged for not more than 1 second in a 
solution of Camoy^s solution (6 parts absolute alcohol : 1 part glacial 
acetic acid ; 3 parts chloroform), and then placed directly mto Mtint- 
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A , Y ounj? ovule with developing integuments and raacrosnore mother cell. X 218 B, Portion of nucellus, 
showing macrospore mother cell and diilerentiated somatic cell («). X 218. C, Same as B, hut showing 
macrospore mother cell and two differentiated somatic cells («). X 218. 2>. Section through nucleus of 
macrospore mother cell illustrated in A, showing paired chromosome at diplotene. X 1.640 E, Portion 
of nucleus of a macrospore mother cell in early diakinesis. X 1.640. F, Nucleus of macrospore mother 
cell in late diakinesis. X 1.640. 0* Metaphase of first meiotic divisions in macrosi)ore mother cell (taken 
from plant shown in plate 2, I and J). X 1,640. Portion of daughter cells formed by. first meiotic 
division; nuclei in interkinesis. X 629. J, Daughter cells; micropylar nucleus in interkinesis; cbalazal 
nucleus in anaphase. X 462. Ji and J 7 , Second meiotic division; micropylar nucleus in early prophase, 
showing approximately 25 chromosomes (Ji): chalazal nucleus in late prophase, showing approximately 
29 chromosomes (V 9 ). X 1,640. K, Portion of daughter cells, second meiotic division; micropylar nucleus 
in anaphase, chalazal nucleus in telophase. X 629. Drawings made with camera lucida at table level. 
All figures arranged with micropylar end of embryo sac toward bottom of. page. 
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A, Portion of nucelltis, showin^r turo cells formed as result of first meior.io division; nucleus of micropylar 
cell in inte^nesis and other In metaphase of second division; differentiated somatic cell (s), X 342. 
Br Same as A, but showing three ceils formed as result of meiotio divisions (micropylar cell failed to com- 
plete second division); differentiated somatic cell (s). X 342 C, Same as B. but showing further enlarge- 
ment of somatic cell (s) . X 342. B, Same as B, but showing four disintegrated maorospores and differen- 
tiated somatic cell («) separated from mncrospores by vegetative cell. X 342. E, Same as JB. but showing 
three cells in process of di^otegration (micropylar (»11 failed to complete second division): early differen- 
tiation of somatlG cell (a) . X 180. E, Same as B\ fii st division of nucleus in embryo sac and disintegrated 
macrospores. X 180. Metaphase; first division of nucleus In embrvo sac, showing approximately 63 
chromosomes. X 1,112. H, Metaphase; root tip of same plant as (?, showing approximately 7u chromo- 
sbmet. X 1,112. /, same as G from another blotype, showing approximately fi3 chromosomes. X 1,112. 
jA Metaphase; root tip from same plant as h showing approximately 63 chromosomes. X 1,112. 
Metapbase; root’llp from same plant as in plate 1, J\ and Ji, showing approximately 64 chromosomes. 
X 1,112. 
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A, Portion of nuoellus, showing two-nncleate embryo sac and three disintegrated macrospores. X 109. 
B, Same as A, showing four-nucleate embryo sac. X 199. C, Same as A, showing complete embryo sac, 
antlpodals (an), polar nuclei (pn), synergids Cw), and egg (f), X 199. Z>i, Synergids, and A, egg, from 
same embryo sac. X 199. JT, Portion of nucellus, showing embryo sac with two-cell proembryo; two 
synergids. displaced by amount indicated to permit of their being drawn. X 141. Portion of nuoellus 
with two developing embryo sacs: one binucleatc, the other four-nucleate. X 199. O, Coipposite drawing 
from two sections, showing two complete embryo seas each containing a proembryo. X 97. H. Com- 
posite drawing of later stage in seed development, showing two proembryos surrounded by endosperm of 
one embryo sac: two polar nuclei (pn) of second sac are unfused. X 26H. I, Composite drawing showing 
portion of nuoellus and two embryo sacs, one of which possesses two polar nuclei; the other, five. X 97. 
J, Portion of nucellus with single embryo sac, showing four polar nuclei. X 97. 
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zing^s (8) modification of Navashin^s solution or another modifica- 
tion composed of equal parts of two solutions, one of wliich consisted 
of 90 cc. of water, 10 cc. of glacial acetic acid, and 1% gm. of chromic 
acid, and the other, of 40 cc. of formalin and 60 cc. of water. The air 
was removed with an aspirator. Fixation may be further enhanced 
by completely removing all floral parts and quickly submerging the 
pistils in the Camoy fluid before placing them in the final fixing solu- 
tion. This latter procedure was found especially useful when it was 
necessa^ to cut the ovules at particular angles in order to obtain 
polar views of the reduction divisions or of the first nuclear division 
in the embryo-sac mother cell. Root tips were fixed in Miintzing’s 
solution. All material was left in the fixing fluid for from 18 to 24 
hours and then washed in three or four changes of 70-percent alcohol 
(JS), It was dehydrated in the usual manner, cleared in cedarwood 
oil, and embedded in paraffin. Root tips were cut at 10m and stained 
in crystal violet iodine. Florets and pistils were cut from 10m to 20m, 
stained in Heidenhain’s iron-alum haematoxylin, and destained in a 
saturated aqueous solution of picric acid. 

OBSERVATIONS 

The ovule in the basal florets of the spikelets, at the time the panicle 
begins to emerge from the sheath, consists of an outer and inner 
integument, each composed of two layers of cells, and a nucellus with a 
well-differentiated macrospore mother cell (pi. 1, ^4). A median 
section of an ovule at this stage invariably shows a single elongated, 
very conspicuous macrospore mother cell with the nucleus located 
usually near the micropylar end, or in some instances near the chalazal 
end. The cytoplasm is usually denser at the micropylar end than at 
the chalazal end of the cell. 

Tn some instances at this early stage, one cell (pi. 1, R), or less 
frequently two cells (Cl), of the nucellus, near the chalazal end of the 
macrospore mother cell, differ conspicuously from the surrounding 
cells of the nucellus. The differentiated micellar cell (or cells) is 
spherical, stains more darkly and, except for one or two characteristic 
vacuoles, contains denser cytoplasm than the suirounding cells of the 
nucellus. The significance of this cell will be discussed later. 

The nucleus of the macrospore mother cell undergoes, so far as can 
be determined, a typical first meiotic division. Some tangential 
sections (pi. 1, D) clearly show paired chromosomes at diplotene. 
At later stages (E) the paired chromosomes appear to be held to- 
gether by chiasmata. Stages in diakinesis (F) show that the chromo- 
somes in most instances are associated in pairs, although univalents 
are frequently present. Tn one metaphase figure of the first reduction 
division (6^) most of the chromosomes are associated in pairs, but there 
are three trivalent chains so arranged on the spindle that the two end 
chromosomes of the chain in each case will pass to the same pole; one 
chain of either three or four chromosomes is so arranged that the end 
chromosomes will pass to opposite poles; and throe or four univalents 
are present. The first meiotic division forms two cells of which the 
one nearer the micropylc is usually the smaller (/). The nucleus of 
each daughter cell passes into interkinesis (H). 

During the second meiotic division the chalazal cell precedes the 
micropylar cell in division. In one instance (pi. 1, /) the nucleus in 
the micropylar cell is in interkinesis when the one in the chalazal cell 
224244—40 5 
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is in anaphase; in another (Ji), the micropylar nucleus is in an early 
prophase, and the chalazal nucleus (Jj) is in a late prophase. Ji and 
J 2 show that the number of chromosomes in each daughter nucleus is 
approximately one-half the somatic number of approximately 54 in 
the root tip of the same plant (pL 2, K), In another instance (pi. 1, 
K), the nucleus of the micropylar cell is in anaphase and the nucleus 
of the chalazal cell in telophase. Univalents are frequently observed 
either passing precociously to the poles or remaining at the equator. 
In either case they frequently fail to be included in a daughter nucleus. 
Either daughter nucleus, then, may not receive a complete chromo- 
some complement. 

The second meiotic division in the chalazal cell regularly fonns two 
haploid macrospores, both of which soon distintegrate. In most of 
the observed cases this second division is not completed in the micro- 
pylar cell because of the precocious disintegration of the cell (pi. 2, 
B, ( 7 , E). Consequently, only three cells are formed from the 
macrospore mother cell, although in one instance (Z>) four macro- 
spores were observed. In all observed instances all the macrospores 
thus formed from the macrospore mother cell disintegrate and do 
not function in the development of the embryo sac. 

A cell of the nuccllus near the chalazal end of the macrospore 
mother cell has been described (p. 353) as being conspicuously different 
from the surrounding cells. In some instances (pi. 1, B, G) one cell 
or occasionally two cells are differentiated as early as the be^nning of 
nieiosis in the macrospore mother cell. Not infrequently, differentia- 
tion is not conspicuous until the meiotic divisions are completed 
(pi. 2, E). Plate 2, Ay shows that of the two cells toward the micro- 
pyle, the nucleus of one is in interkinesis and the nucleus of the other 
IS in metaphase, while the third cell, largest and inward, has been 
separately differentiated. In plate 2, B and C, the three micropylar 
cells that were derived from the macrospore mother cell are bc^nirig 
to dismtegrate. In the one nearest the micropyle, nuclear division 
has just been completed. The fourth and innermost cell has been 
differentiated separately. In another instance (pi. 2, D), four 
macrospores had been fonned by two completed divisions and had 
completely collapsed. At the chalazal end of the macrospore row is 
a separately differentiated cell, separated from the row of disintegrated 
macrospores by a vegetative nucellar cell. 

The differentiated nucellar cell just described is destined to function 
as the initial cell of the embryo sac (pi. 2, F). This conclusion is 
confirmed by the chromosome counts during the division of the pri- 
mary nucleus of the embryo sac. In one instance {G) approximately 
63 chromosomes were observed in this division. The chromosome 
number in cells of a root tip {Ipi of the same plant is approximately 
70. In consequence of the high number of chromosomes and the 
resultant difficulty in distinguishing them, it is probable that the 
remainder of the diploid complement in the nucleus of the embryo 
sac was hidden from view. In another case, approximately 53 chro- 
mosomes were observed in nuclear division both in the initial cell of 
the embryo sac (/) and in a cell of a root tip («7) of the same plant. 
In several other cases a sufficiently accurate count of the chromosomes 
in the initial cell of the sac could oe made to demonstrate the presence 
of the diploid number. 
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A two-nucleate embryo sac and three disintegrated macrospores are 
shown in plate 3, A, a four-nucleate sac in plate 3, 5, and a completed 
eight-nucleate seven-cell sac in plate 3, C. 

The mature embryo sac consists of three large, darkly staining 
antipodal cells at the chalazal end, a single central cell containing 
two polar nuclei, and the egg apparatus (egg and two synergids) at 
the micropylar end. The nuclei of the antipodal cells may divide and 
if cell division does not occur the cell in question remains binucleate. 
In some cases cell division follows to form ultimately five or six 
antipodal cells. 

The synergids (pi. 3, />i and E) enlarge and become pear-shaped, 
with the apex of each projecting toward tlie micropyle. They lie side 
by side directly beside the egg. The cytoplasm in the basal portion 
of each synergid becomes very fibrous in appearance, constituting the 
filiform apparatus often described for synergids. A nucleus lies near 
the center of each synergid, and as the two cells disintegrate the 
nuclei maintain their structure longer than does the cytoplasm. In 
sorne instances it appears that the two synergids in the process of 
disintegration fuse into one darkly staining body. 

The cyto])lasm of the egg (pi. 3, D 2 ) becomes coarsely vacuolated; 
the niicicus lies near the center of the cell surrounded by denser 
cytoplasm. At the apical end the cytoplasm assumes regularly a 
more coarsely alveolar appearance, which seems to disappear when 
the cell divides. 

The egg divides to form a proembryo in many of the first, second, 
or third florets of the spikelet before anthesis begins (pi. 3, -E). The 
two synergids sliown in E have been displaced by the amount indi- 
cated to permit of their being drawn. The proembryo shown in the 
photomicrograph (pi. 4, A) is larger than the one in the drawing (pi. 
3, E)y but the florets from which these figures were obtained were at 
approximately the same stage of flowering when fixed. In tliis instance 
the synergids have begun to disintegrate and have lost their identity* 
Tliese observations have been made repeatedly in material fixed in the 
greenhouse under conditions that excluded the possibility of the 
presence of pollen in the air, and in material fixed in the field 1 or 
2 days before the floral parts had opened to permit the exposure of 
the stigma. There seems no doubt that pollen is unnecessary to 
initiate development of the egg into an embryo. Since it has been 
shown that the nuclei of the embryo sac, including the egg nucleus, 
are all diploid, it is apparent that the functioning of the egg is not 
dependent on gametic imion. The external stimulus to the egg, if one 
is necessary, is apparently exerted from within the embryo sac. 

The two polar nuclei (pis. 3, U; 4, A) lie together m the dense 
cytoplasm of the embryo sac midway between the antipodals and the 
proembryo. Fusion of the polar nuclei is not completed until the 
proembryo consists of several cells, and occurs invariably after an- 
thesis. Fusion is accomplished by dissolution of the adjacent mem- 
branes to form the primary endosperm nucleus, which later divides 
to form the endosperm nuclei. The cells of the endosperm, thus 
formed, would possess a 4n number of chromosomes in contrast to 
the 3n number usually found in sexually reproducing species. 

It is not certain whether pollination is associated with endosperm 
development. Pistils examined a few hours after pollination show 
pollen grajins germinating freely on the stigma and pollen tubes 
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growing down the stylo. In no case, however, have pollen tubes 
been observed in tissue of the ovary, or in the embryo sac. Florets 
that were emasculated and not polinated have in a few instances 
developed seeds, but it is possible that in these instances the stigma was 
accidentally pollinated during the act of emasculation. Florets that 
were open-pollinated in the greenhouse occasionally contained aborted 
ovules, and examination has shown proembryos but no endospenn. 
The two unfused polar endosperm nuclei were still frequently visible 
in such cases. Tlie failure of the polar nuclei to fuse and to bring 
about the development of an endosperm may have been due to a 
failure of pollen tubes to stimulate endosperm development. 

POLYEMBKYONY AND ATYPICAL EMBRYO SACS 

Sections of young ovules not infrequently show two embryo sacs 
in course of development (pi. 3, F). The initial cells from which such 
sacs develop have not been observed in division, but it seems very 
probable from observations of ovules containing single embryo sacs 
that two sacs may arise independently from two differentiated nuccllar 
cells, such as are sometimes present (pi. 1, 6^. Consequently, the 
nuclei in both embryo sacs would be expected to possess identical 
diploid chromosome complements. Andersen {4) concluded that 
polyembryoiiy results from the functioning of two embryo sacs and 
that each embryo sac develops either from two macrospores m the 
same row or from two macrospores derived from separate macrospore 
mother cells. 

One embryo sac, presumably that favored by position, may grow 
faster than its twin; the larger one develops in the usual maimer, 
while the smaller develops irregularly and consequently may not 
produce a proembryo. If the development is not too irregular, each 
will produce a proembryo (pi. 3, G), In all observed instances in 
which two embryos were present there was evidence of the previous 
presence of two embrvo sacs; for example, two sets of antipodals, or 
two.pairs of polar nuclei, or both. The ovule illustrated in plate 3, //, 
contains two proembryos and a mass of endosperm tissue foraied by 
division of the primary endosperm cell of one embryo sac. The pre- 
vious presence of a second sac is evidenced by the two polar nuclei 
incompletely fused. 

The embryo nearer the micropyle may be large and typical in shape; 
its twin embryo smaller, atypical, and located in an unusual position 
(pi. 4, B). Such instances, however, do not necessarily imply a 
difference in origin of the smaller embryo. These instances may be 
explained by the more rapid growth of one embryo and of its endo- 
spem, in consequence of which the smaller embryo, in a less favorable 
position for growth, is crowded against the wall of the nucellar cavity. 

There remains the possibility that one of the twins may have devel- 
oped parthenogenetically from a haploid egg, in which case it would be 
expected to be weaker than the diploid twin. Mtintzing {9) found one 
haploid plant which he suggested arose as a twin from the partheno- 
genetic developmen t of a haploid cell. He found also in some instances 
that the two members of a pair, in the seedlmg stage, differ in size and 
vigor, perhaps in consequence of the more favorable position of the 
laiger. He found the chromosome number of twin seedlings to be 
usually the same, but occasionally one was approximately triploid 
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with respect to its diploid twin; and if there was a difference in size, 
the triploid seedling, more frequently than the diploid, was the weaker 
of the two. Mtintzing suggested that the triploid arose from the 
fertilization of a diploid egg. 

The egg in each embryo sac (in case two sacs are present) frequently 
develops into a proembryo before pollination, and under such circum- 
stances fertilization of the egg in either embryo sac obviously could not 
occur. The chromosome number would l)e the same in the two 
embryos (omitting the possibility of the development of a haploid 
embryo sac from a macrospore). If one or both eggs did not begin to 
develop until sufficient time had elapsed for the pollen tubes to reach 
tlie embryo sacs, one or both eggs might be fertilized. Mtintzing 
(i?) found both members of one set of twin seedlings to be approximately 
triploid. It seems reasonable to assume that the eggs in the weaker 
embryo sac might delay i)arthenogenetic development longer than 
those in the more vigorous one, and conse(|uently provide opportunity 
for gametic union. Under such circumstances triploidy will be more 
frequently associated with the smaller of twin seedlings than with the 
larger. 

There is no evidence that embryos oiiginate by sporophytic budding 
from the nuccllus. 

Embryo sacs, when occunhig either singly or doubly, occasionally 
contain more than the eight nuclei. In some instances an apparently 
functional embryo sac, in addition to the antipodals, two-nucleate 
primary endosperm cell, and egg apparatus, consists of single cells or 
nuclei lying in the cytoplasm of tne nuclear cavity. It is probable 
that the condition might become too atypical for an embryo sac to 
function. 

More than two polar nuclei are occasionally seen in process of 
fusion. In one instance (pi. 3, •/) there were hnir polar nuclei; and in 
another (pi. 3, /), there were five polar nuclei in one embryo sac and 
two in a companion sac. The origin of these additional nuclei or 
cells is not known, but it seems probable that they result from nuclear 
divisions during embryo-sac development. It seems improbable that 
any of the nuclei shown fusing with the two polar nuclei came from 
a pollen tube. 

DISCUSSION 

The evidence presented by Miintzing {8), Nilsson (I^), and 
Akerberg (3) indicates that gametic union does not regularly occur in 
Swedish biotypes of Poa pratensu. According to Akerberg and 
Nilsson, however, pollination is necessary to initiate seed development, 
and in a few cases they found evidence that pollination was followed 
by a union of male an<l female gametes. The chrtmiosome number of 
one hybrid plant suggests that it arose from the union of an unreduced 
egg and a reduced male gamete (f ). Miintzing {9) found that occa- 
sionally one member of a twin pair was approximately triploid and 
suggested that in such a case a diploid egg was fertilized by a haploid 
male gamete. In two instances the egg was thought to have been 
haploid. In one of these instam^es the egg was presumably fertilized 
by a haploid male gamete of P. alpina (^), while in the other the 
haploid egg presumably developed parthenogenetically (9), Aker- 
berg (3) found four biotypes that appeared to reproduce regularly 
by gametic union. 
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The cytological observations on Poa pratensis herein described 
show that in the biotypes studied the single macrospore mother cell 
underwent meiosis in the usual manner and formed haploid macro- 
spores (usually three, since the second meiotic division was often 
incomplete). In all the observed instances the tluee or four macro- 
spores so formed disintegrated. Andersen ( 4 ) reported, without 
presenting evidence, that the macrospore mother cell formed a row 
of four macrospores and that usually the chalazal macrospore formed 
the embryo sac although in several observed ovules the micropylar 
macrospore functioned. Armstrong (5) observed meiosis and con- 
cluded that one of the macrospores thus formed develops a haploid 
embryo sac and that meiosis ipso facto implies sexual reproduction. 

The initial cell of the embryo sac is differentiated frem among the 
vegetative cells of the nucellus while the meiotic divisions are under 
way, and develops into a typical eight-nucleate, seven-cell embryo sac. 
Consequently the nuclei of the embryo sac, including the egg nucleus, 
possess the same diploid chromosome complement as do the nuclei of 
the maternal parent. The egg is capable, consequently, of developing 
into an embryo without restoration of the diploid chromosome 
number by fertilization. Under these circumstances all the plants 
grown from seeds collected from a single plant possess the same 
diploid complement of chromosomes, and obviously are, therefore, 
similar in morphological type. Miintzing (8) has found that 10 plants 
examined in a progeny from a single plant all had the same maternal 
chromosome number. Observations made by the author indicate 
that all the plants (with few possible exceptions) grown from seeds 
collected from a single plant are alike in growth form and habit. 
Since the embryo sac develops from a vegetative cell of the nucellus 
without meiosis, its origin may be considered an instance of apospory. 
The embryo develops from the egg by parthenogenesis. 

Cytological observations have not confirmed the conclusions of 
Akerberg (I) and Nilsson {12) that pollination is necessaiy to induce 
seed development. These investigators based their conclusions on the 
lack of seed setting in emasculated florets, and obviously were not 
able to separate the two phases of the development of a seed, i. e., 
embryo development and endosperm development. The embryo of 
Poa pratensis develops in many instances before pollination, but since 
endosperm development does not begin until after pollination the 
effect of pollen or pollen tubes on endosperm development is not easy 
to determine. A comparatively few florets have been emasculated by 
the author, and some of these have produced seeds. In the emascula- 
tion the floret may have been injured or the pistil unintentionally 
pollinated. According to Akerberg (I) and Nilsson {12), the environ- 
ment also may affect seed development. Consequently, negative 
results might be due to any of several causes. There is some evidence 
to indicate that seed abortion is due to the lack of endosperm develop- 
ment, and it may be that in such instances pollen failed to germinate 
on the stigma. 

The egg frequently begins development before pollination is effected, 
but occasionally development does not begin until after pollination. 
Since pollen tubes have been observed in the style, although not in 
the embryo sac, it is possible that occasionally one reached the embryo 
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sac before parthenogenetic development began and that a diploid egg 
was then fertilized. Circumstances such as this may lead to the pro- 
duction of an occasional hybrid as reported by Akerberg (1), and of 
triploid twin plants such as were found by Muntzing (P). Chromo- 
some disjunction during meiosis in the microsporocytes is extremely 
irregular, and in many instances chromosomes are lost from the 
daughter nuclei. It is not known whether chromosome-deficient 
pollen grains germinate on the stigma, although a deficiency appears 
to have no effect upon the development of pollen grains. If a gamete 
possessing a deviating cliromosome number effects fertilization, the 
resulting zygote will be only approximately triploid. Muntzing (9) 
is not certain of the exact chromosome number in twin plants of 
Poa pratensis^ but he suggests that the number is only approximately 
triploid. Once the hybrid is produced, the newly combined chromo- 
some complements, either cuploid or aneuploid, may be transmitted 
to future generations by parthenogenesis. Diploid parthenogenesis 
and occasional fertilization of the egg by a sperm possessing a varied 
chromosome number can produce the singular characteristics of P. 
pratensis: (1) Extreme polymorphism and varying euploid and aneu- 
ploid chromosome numbers of different biotypes and (2) constant 
morphological type and chromosome number m plants of the same 
biotype. 

SUMMARY 

Median sections through the micropylar region of young ovules of 
Poa> pratensis invariably show a single, elongated, very conspicuous 
macrospore mother cell. The mudeus of this cell undergoes meiosis, 
and haploid macrospores are formed — usually three, since frequently 
the micropylar cell does not complete the second meiotic division. 
In observed instances, all the macrospores subsequently disintegrate. 

The embryo sac develops, without meiosis, from a cell of the nucellus, 
which is located near the chalazal end of the macrospore mother cell. 
The typical mature embryo sac consists of three antipodal cells, a 
primary endosperm cell containing two nucelli, and the egg apparatus 
(egg and two synergids). 

The diploid egg develops into a proembryo by parthenogenesis; the 
development begins frequently before pollination. (Possible excep- 
tions are noted in the text.) Since endosperm development was not 
observed to begin until after pollination, it may be that pollination 
or the growth of pollen tubes in stylar tissue is necessary for endosperm 
development and consequently for seed development. Pollen tubes 
have not been observed m the embryo sac. 

Diploid parthenogenesis and occasional fertilization of the egg by a 
sperm possessing a varied chromosome number can produce the singu- 
lar characteristics of Poa pratensis: (1) Extreme polymorphism and 
varying euploid and aneuploid chromosome numbers between different 
biotypes and (2) constant morphological type and chromosome number 
in plants of the same biotype. 

Two embryos are occasionally produced by the functioning of two 
embryo sacs. Each embiwo sac appears to develop independently 
from separate somatic cells of the nucellus. There is no evidence 
that embryos arise by sporophytic budding from the nucellus. 
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RELATION OF FOOD TRANSLOCATION TO MOVEMENT 
OF VIRUS OF TOBACCO MOSAIC ^ 

By C. W. Bennett 

Pathologist^ Division of Sugar Plant Investigations ^ Bureau of PlarU Industry ^ 
United States Department of Agriculture 

INTRODUCTION 

Previous studies liave shown that wlieii raspberry plants are- 
infected by the virus of h'af curl or wlien sugar beet plants arc infected 
by the virus of curly top, virus movement takes place in the pliloem 
of the invaded plants. There is also strong evidence that these two 
viruses arc closely limited to the phloem of their respective host 
plants and that their movement through the plants is correlated with 
the translocation of organic food materials. The weight of evidence 
indicates further that the phloem network of the plant is the avenue 
through which rapid invasion is accomplished by all viruses that 
are able to produce systemic infection. Whetlu'-r the correlation 
between virus movement and food translocation shown with the two 
viruses already mentioned exists with other viruses, especially with 
viruses such as that of tobacco mosaic, which is not limited to the 
phloem, has not been determined definitely. Conflicting conclusions 
have been reached from the evidence that has been obtained thus far. 

Holmes {10) presented evidence that seems clearly to indicate a 
relationship between the translocation of carbohydrates and the 
movement of the virus of ordinary tobacco mosaic in tobacco. Samuel 
{17) found an apparent correlalion between food translocation and 
movement of the virus of tobacco mosaic in tomato. Caldwell 
(5, 6)y however, working with the viruses of aucuba and tobacco 
mosaic in tomato and tobacco, found no correlation between virus 
movement and food transport. He reachcMl the conclusion that the 
viruses moved independently of food materials and that under certain 
conditions virus movement was apparently in directions opposite to 
that of the metabolites, Grainger {9) reached conclusions similar to 
those of Caldwell and suggested that in his experiments the virus of 
tobacco mosaic moved equally in all directions in which channels 
rendered it free to move. He considered that the virus spread through 
the plant from the point of introduction at a logarithmic rate. 

Conflicting conclusions regarding the movement of different viruses 
led Raber in his review of a book by Curtis (5) to suggest that there is 
no uniformity in the way in which viruses move through the plant, 
each virus perhaps exhibiting a specific behavior in this respect. 

Invasion of plants by viruses is of general interest in the field of 
plant pathology, and because of the potential significance of plant 
viruses as indicators of food translocation, virus movement is of 
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particular interest in relation to the general subject of translocation 
of organic materials in plants. This paper reports the results of 
experiments on the movement of the virus of tobacco mosaic (tobacco 
virus 1, Johnson)^ in Nicotiana tahacum L. and N, glauca Graham 
under conditions similar to those under which the movement of the 
virus of curly top of sugar beet was studied. (4)- 

ACROPETAL AND BASIPETAL MOVEMENT IN STEMS 

The early work of Allard {1) showed that the passage of tobacco 
mosaic yirus from the point of inoculation near the leaf apex of young 
tobacco plants to the stem required at least 3 days. Most of the 
published information on the movement of the virus of tobacco mosaic 
has been derived from the study of movement in tobacco and tomato 
plants growing in a normal upiight position under more or less nor- 
mal conditions for photosynthetic activity and food transport. In 
experiments with tobacco, Holmes {10) showed that when the virus 
was introduced into a leaf its movement was very slow until it entered 
a vein, after which movement was more rapid and was chiefly in the 
direction of the stem. After the virus passed out of the inoculated 
leaf the entire stem was invaded in a relatively short time. 

Caldwell {f)) found that wlien the virus of tobacco mosaic passenJ 
out of an inoculated leaf of a tobacco plant it moved first in tlie 
direction of the top. However, Samuel (17) found that when the 
virus moved into tlie stem of a tobacco oi- tomato plant it usually 
moved first in the direction of the root. 

Results of numerous tests conducted during the course of tlie work 
reported in this paper show that when the virus of tobacco mosaic 
was introduced into a leaf at the top of a Turkish tobacco plant it 
moved into the root system within a few days. When the virus was 
introduced into a leaf near the middle of a stem of a relatively large- 
plant, it moved into the top and the root portions within a period 
which usually did not exceed 4 to 8 days. 

In, view of the evidence available, it seems certain that under nor- 
mal conditions both acropetal and basipetal movements of virus occur 
in the stems of tobacco and tomato plants within a relatively short 
time after virus introduction. It should be emphasized, however, 
that it has not been proved that movements in the two directions 
occur simultaneously. 

It seems probable that when virus enters a stem the direction of 
its movement may depend upon factors operating in the stem at the 
time of entry and hence movement may be in either direction, de- 
pending on internal conditions in the plant at the time of entry. If 
virus movement is correlated with food transport, the directional 
movements that have been observed in the stems of tobacco may 
readily be explained by assuming that in the normal plant there is a 
diurnal directional reversal of flow of organic materials in these 
plants. The virus then would move either acropetally or basipetally, 
depending on the direction of food flow at the time the virus entered 
the stem, but it might be carried into the two extremes of the plant 
in the course of 24 hours. 


« The viras used In these experiments was obtained from Dr. William N. Takahashi, University of Cali- 
fornia, who bad previously obtained it from Dr. James Johnson, University of Wisconsin. 
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In plants in which frequent reversals of food flow and virus move- 
ment occur, a determination of a possible correlation between move- 
ment of the two types of materials would be difficult. However, if 
a plant could bo manipulated in such a way as to insure continuous 
unidirectional flow of food materials in one of its parts a study of the 
movement of virus in such a plant would be of interest, with this 
object in view, the following experiments were made. 

EXPERIMENTS WITH NICOTIANA TABACUM 

Potted plants of Nicotiana tabacum, Turkish variety, about 24 
inches tall, were bent so that their stems were in a horizontal posi- 
tion. This resulted in the production of a number of suckers at the 
base of each stem. One sucker near the base of each plant was re- 
tained and the others were removed when small. By this method 
it was hoped to produce a plant with two growing points, in which 
the basal shoot, being in an upright jiosition and more advantageously 
located for growth, would tend to drain the root system of food re- 
serves and prevent outward movement of food materials in the 
horizontal main stem. Growth of the basal suckers was more rapid 
in most plants than that of the horizontal stems, suggesting that the, 
basal shoots were deriving a part of their carbohydrate supply from 
t he rest of the plant, at least in the earlier stages of their developments. 

When tlic basal suckers were about 2 inches tall the plants were 
divided into two lots. The plants of the first lot were inoculated on 
the small leaves at the top of the main stems and the plants of th(‘, 
^^econd lot were inoculated on the basal suckers. The plants were 
allowed to develop without further treatment, and the time of appear- 
ance of symptoms on the two growing points of each plant was noted. 

The movement of the virus in a basipotal direction in the main 
stem was relatively fast, as shown in the results presented in table 1 . 
The entire length of the stem (more than 24 inches) was traversed, 
and symptoms were produced on the basal sucker in an average period 
of 6.8 days. This period was only 2 days longer than that required 
for the production of symptoms on the basal shoots inoculated directly. 
It may be assumed, therefore, that in this experiment the virus moved 
basipetally at a rate of approximately 24 inches in 48 hours. 

Table 1 . — Acropetal and basipelal movement of virus in Nicotiana tahacum and 

N. glauca 


Species of Nicoliaiia 

riants 

tested 

I’lace of inoculation 

Direction of movement 

Average period for 
appearance of 
symptoms on— 

Basal 
sucker or 
graft 

Growing 
points ai 
top of 
plants 

N. tabttcum 

Number 
f 20 

1 20 

r 10 

1 10 

Top 

Toward root - 

Days 

6.8 

4.8 

8.4 

5.4 

Days 

6.3 

35.5 

5.2 

1 197. 5 

Base 

Toward top - 

N. glauca, 

Top 

Toward root 

Base 

Toward top 





* 7 of tho W plants included in this average showed no symptoms on the top graft when the experiment 
was discontinued 224 to 252 days after the plants were inoculated. 
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Movement from the inoculated basal suckers acropetally in the 
main stem was relatively very slow. An average period of 35.5 days 
was required for the appearance of symptoms in any of the parts 
of these shoots. During this period the plants had blossomed and 
produced seed pods that were well advanced toward maturity at the 
time symptoms were evident. 

EXPERIMENTS WITH NICOTIANA GLAUCA 

Plants of Nicotiana glauea have generally been considered to be able 
to harbor the virus of tobacco mosaic without manifesting distinct 
mottling. None of the plants used in these experiments has shovm 
mottling that appeared to be due to the presence of the virus of tobacco 
mosaic. Since symptoms cannot be ndied upon to indicate infection, 
all experiments on the movement of the virus in this sp(»eies were 
conducted with plants in which grafts of Turkish tobacco were 
placed at the points of inoculation and at th('. points where it was 
desired to detect the presence of the virus through expression of 
symptoms. 

Largo plants with a single stem were selectc'd for tlie tests. TIk'. 
stems were cut to a height of 3 feet. Three-inch piec('s of stem from 
healthy Turkish tobacco plants were grafted into th(^ top and bas(‘- 
of each plant. The stems were then bent sufficiently to pre^vent con- 
tact between the shoots subsequently produced from the two grafts. 
Wlien the new shoots from the grafts were 3 to 6 inches long the plants 
were divided into 2 lots of 10 plants each. Virus was introduced into 
the basal grafts of 1 lot and into the top grafts of the other. A record 
of the time of appearance of symptoms on the grafts of each plant 
was kept. 

Table 1 also shows that the basipctal movement from inoculated 
grafts through the stem of Nicotiana glauea was comparable to that in 
previous experiments with Turkish tobacco. In the plants in which 
this movement occurred, symptoms appeared on the basal graft in 
an average time of 8.4 days, 3.2 days later than they appeared on 
the inoculated grafts of the same plants, and 3 days later than symp- 
toms appeared on directly inoculated basal grafts. If it is considered 
that this interval represents the time for the virus to move through the 
N. glauea stem from one graft to the other, the rate of movement was 36 
inches in about 72 to 77 hours, or about one-half inch per hour. 

As in similar experiments with Turkish tobacco {Ii), the acropetal 
movement was much delayed. The minimum time for the appearance 
of symptoms on a top graft, in the plants inoculateni on the basal 
graft, was 32 days. In 7 of the 10 plants tested, no symptoms were 
evident on the top graft in periods ranging from 224 to 252 days. 

When the experiment was discontinued, the stems of the seven 
plants that had produced no symptoms of mosaic on the top graft 
were severed one-half inch above the point of contact with the basal 
graft. To determine how far the virus had moved acropetally in the 
time interval allowed for movement, the stems were cut into 6-inch 
segments and Juice was pressed from each segment and used to inocu- 
late healthy Turkish tobacco plants. A record of the results of the 
tests from each of these segments is shown in table 2. It is evident 
from these results that the virus moved toward the top in each of the 
plants, ^but the shortness of the distance through which the virus 
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was able to travel is very striking, especially in those plants in which 
it was unable to move past the first 6 inches of stem. It is evident 
that under these conditions movement counter to the direction of 
predominant food flow was difficult. 


'fABLE 2 . — Movenienl of virus from basal grafts of Turkish tobacco upward through 
stems of plants of Nicotiana glauca 


riant No. 

I’eriod from 
inoculation 
of basal graft 
to testing 
stein 

Presence or absence of virus in indicated C*inch segment of stem 
counting from base to top < 

First 

Second 

Third 

Fourtli 

Fifth 

Sixth 

Seventh * 

1 

hayn 

224 








2 . - 

22r) 

+ 

+ 

— . 

— 

— 

— 

— 

:j 

22:) 

4- 



— 

— 

— 

— 

4 

22:) 

4- 

4- ■ 

+ 

— 

— 

— 

— 


2:)0 

4- 

+ 

4- 


4- 

~ 

— 

!) 

251 

+ 

4- 

— 

— 

— 

— 

— 

7 

252 

4- 

4- 

4- 


*~ 

“ 



« Plus and minus signs indicate virus present or absent, respectively. 
5* (i-iiich segment of stem from Turkish tobacco graft at top of plant. 


MOVEMENT OUT OF ROOTS 

The slow movement of virus acropetally from inoeiilat(‘d basal 
sue.k(‘rs in Turkish tobacco raised the qiu'stion wln^ther or not virus 
would mov(‘ from tin* root system in plants vindtT normal conditions 
of growtJi. Mulvania (If)) found that when roots of potted plants 
W(*re inoculat(Hl with tlu^ virus of tobacco mosaic no symptoms devel- 
oped in the tops during the period of observation. Johnson (11) 
obtained similar results with potted plants. Lehman (12), in field 
tests, found that only a very small percentage of plants set in virus- 
infested soil developed symptoms of mosaic before topping time. 
Following topping, there was a marked increase in percentage of 
plants showing symptoms. All of these investigators concluded that 
infection of roots was rare or did not occur. 

However, Price (16), in more recent work, concluded that roots of 
plants of Nicotiana glutinosa and Turkish tobacco were susceptible to 
infection. He was able to obtain relatively high concentrations of 
virus from roots of some of the inoculated plants 21 days after inocu- 
lation although the plants showed no symptoms. 

In view of the apparent relationship between virus movement and 
food translocation it seems possible that these failures to obtain 
symptoms in root-inoculated plants may have been due to inability 
of the virus to move from the root system into the top, where symp- 
toms could be expressed. 

In order to test this theory, experiments of the following type 
were made. Small Turkish tobacco plants wore placed in 3-inch pots 
and allowed to grow until they were approximately 6 inches tall. At 
this stage of development, two or three of the lowest leaves were 
removed from each plant in order to reduce the chances of accidental 
infection in later manipulations and the plants were removed from 
the pots. The root systems had become somewhat pot-bound, and 
each ball of soil was covered with a fairly compact mass of roots. 
The roots on the lower half of each ball of soil were inoculated by 
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rubbing thoiu with a cloth saturated with inoculum. Tlie plants 
were then placed in 8-inch pots. At the same time other plants were 
transferred directly, without root inoculation, to 8-inch pots and 
inoculated on the lowest remaining leaf. 

The plants were allowed to develop normally under greenhoiiso 
conditions, but care was taken to avoid having any of the leaves 
come in contact with the soil or with the pots. At iO-day intervals 
for 40 days, five plants on which root inoculations had been made 
were cut back, leaving a stem about 2 inches long from which, on 
most plants, lateral buds soon developed into shoots. 

The severed tops were defoliated and the stems were cut into 6-inch 
segments, which wore planted in sand to determine by subsequent 
growth whether the virus was prescuit at tlic time the tops werc^ 
removed. The results of tests of the stem segments of the plants of 
one experiment are shown in table 8. 


Table 3 . — Movement of virun out of the roots of Turkish tobacco plants before and 

after removal of tops 



‘ A minus sign preceding a number shows that symptoms appeared on the top of the plant the indicated 
number of days before the top was removed. 

2 Plus and minus signs indicate virus present or absent, respectively. 


A record was kept of the time of appearance of symptoms on all 
of the inoculated plants. A high percentage of infection was obtained 
in all lots of plants in which the roots were inoculated. Symptoms, 
however, were very much delayed, and removal of tops had a decided 
influence on the time of appearance of symptoms. Table 3 shows 
in plants 6. to 20, from which the tops were removed 20 to 40 days 
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after inoculation, that symptoms of mosaic appeared in the new growth 
of the lateral buds in 6 to 8 days after the tops were removed. In 
plants 1 to 5, from which the tops were removed 10 days after inocula- 
tion, the longer periods required for appearance of symptoms probably 
were due to very slow growth following removal of the tops. 

It may be noted that the plants that were inoculated on the lowest 
remaining leaf produced symptoms in 6 to 8 days after inoculation, 
showing that the virus was able to move to the toj) of the plant from 
points near the base of the stems in a relatively short time. However, 
assuming correlation between virus movement and food transport, 
this movement would bo expected if frequent reversals of food move- 
ment occurred in the stem. It seems probable that considerable food 
storage may occur in the base of the stem and even in the larger roots 
and that at times there would be acropetal movement of these 
materials. It would be expected, also, that in the distal portion of 
the root system of a normal plant movement would be unidirectional 
and toward the root tips. Virus would have difficulty in moving out 
of small roots under such conditions. Removal of tops, however, 
might extend the zone in the root system in which movement of foods 
acropetally could take place. This would account for the rapid move- 
ment of virus out of the inoculated roots following removal of the 
t.oj)S of tlie plants. 

EFFP^CT OF DEFOLIATION ON MOVEMENT 

Previous studies (4) have showni that the virus of curly top moved 
lip ward at a, relatively rapid rate in defoliated stems of Nicotiama 
(jlauca but that upward movement was greatly retarded in foliated 
stems. Tests w(u*e made in an effort to determine the eifect of defoli- 
ation on the movement of the virus of tobacco mosaic in plants of 
N. tahacurrij Turkish variety, and experiments with N, glaucaj similar 
to those in which the movement of the virus of curly top was studied, 
were made with the virus of tobacco mosaic. 

EXPERIMENTS WITH NICOTIANA TABACUM 

Potted plants of Turkish tobacco 24 to 30 inches tall were bent so 
that their stems approaclied a. horizontal position. When a selected 
basal sucker was about 2 inches tall it was inoculated and the main 
stem was immediately defoliated and pruned to a length of 30 to 30 
inches. At intervals of 2 days for 18 days, beginning with the fourth 
day after inoculation, stems were cut into 3-inch segments and tested 
for the presence of virus by using extracted juice from each segment 
to inoculate healthy plants of Turkish tobacco. Five plants wore 
tested at each time mterval, and five foliated plants were tested at the 
end of the experiment as a check on the effect of defoliation on the 
acropetal movement of the virus. 

The extent of the acropetal movement of the virus from the inocu- 
lated suckers through the defoliated and foliated stems, as indicated 
by the tests of stem segments, is shown in table 4. These results 
show that acropetal movement was relatively fast in defoliated stems 
and that by the twelfth day the virus had moved the full length of 
the stem of each plant. Results from the 14-, 16-, and 18-day tests 
were the same as those from the 12-day tests, and for this reason they 
are not shoym in table 4. The results obtained with the foliated 
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check plant show that with normal foliage the acropetal movement was 
much retarded, since in 18 days the virus had not traveled more than 
9 inches and in two of the plants it apparently had not entered the 
first basal 3-inch segment. 

Table 4. — Effect of defoliation on acropetal movement of virus in stems of Nicoliana 

tabacum 



EXPERIMENTS WITH NICOTIANA GLAUCA 

Plants with stems 36 inches long and with grafts of Turkish tobacco 
at the top and base arranged as described in previous experiments with 
Nicotiana glauca were used in further tests of the efl'ects of defoliation 
on upward movement of virus in stems. Wlien the shoots from the 
basal grafts of these plants were about 12 inches long, they were in- 
oculated and the plants were left undisturbed for 12 days. At the 
end of this period, all the inoculated shoots showed distinct symptoms 
of mosaic and all the grafts at the tops of the plants were normal. 
After the 12-day period, five of the stems were cut into 6-inch seg- 
ments and incubated in a moist chamber at room temperature for 
24 hours, after which expressed juice from each segment was used to 
inoculate healthy Turkish tobacco plants. The results from these 
inoculations indicate the average extent of upward invasion during 
the first 12 days following the original inoculation (fig. 1, check a). 
All of the other plants, except five (fig. 1, check 6), that were retained 
as controls, and tested at the end of the experiment, were defoliated 
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except for the basal inoculated graft. At intervals of 2 days for a 
period of 18 days, stems were cut into 6-inch segments and tested for 
virus as already described (fig. 1). On the eighteenth day, tlie 
remaining foliated check plants were cut into 6-inch segments and 
tested for virus. The 
averages distances of 

virus movement, in p ■■ i 

inches, in the defoli- 40 

ated stems from tlu*. 
basal inoculated grafts, 
in comparison with 

virus movement in _ P" 

the foliated checks a 2 

and 6, arc shown in J 30 

figure 1. ? 

Acropeial mov(‘- T 
ment of virus started S PI 

in less than 4 days 5 
after (hdoliation of the g 

main st(un and prog- 2 ^ 

]*essed rapidly until iho o ^ 
entire stern of (mch 
of tlie plants was in- z 
vaded in 12 days or ? 
longer. Figure 2 shows 5 

a defoliated plant in z ,q 

which the virus moved 2 

to the top and pro- ^ ^ ^ 

(luced distinct syrnp- o 

toms of mosaic within g? 

12 days. The results r-ioooooooooo 

of the tests of stem I ^a>»ow^^eog 

segments of the two o-* * — * — ^ * — I "“ i — 

lots of plants that were movement following defoliation 

not defoliated show Figure 1. — Effect of defoliation on movement of 

that in these plants, Ji>^acco mosaic virus from infected basal grafts of 

Turkish tobacco upward through defoliated stems 
gl'OWing unatl more Nicotiana glama toward top grafts of Turkish 

or less normal condi- tobacco. Results are given as 5-plant averages of 
tions, relatively little data obtained from the tests of 6-inch stem segments 

lYi nv’PTin PT 1 1 n oroTiof n 1 1 V taken, at intervals of 2 days, for 18 days after the 

initial 12-day period allowed for establishment of 
occurred dining the inoculated basal graft. Checks a 

course of the experi- and h were not defoliated, 
ment. These results 


lots of plants that were “Ovement followino defoliation 

not defoliated show Figure 1. — Effect of defoliation on movement of 
that in these plants, tobacco inosaic virus from infected bMal grafte 

Turkish tobacco upw^ard through defoliated stems 
growing undtl more Nicotiana glauca toward top grafts of Turkish 

or less normal condi- tobacco. Results are given as 5-plant averages of 
tions, relatively little data obtained from the tests of 6-inch stem segments 
lYi nv’PTin PT 1 1 n proTipf n 1 1 V taken, at intervals of 2 days, for 18 days after the 

initial 12-day period allowed for establishment of 
occurred dm-mg the inoculated basal graft. Checks a 

course of the experi- and h were not defoliated, 
ment. These results 

demonstrate conclusively that the acropetal movement of virus in the 
defoliated plants was a direct response to defoliation. 

These results reemphasize the fact that under ciTtain conditions 
acropetal movement of virus into leafy tops of plants, presumably 
counter to the major movement of elaborated food materials, is 
difficult and usually very slow as compared to movement in the reverse 
direction . They show further that, when the carbohydrate-synthesizing 
areas are removed or reduced so that a food deficit results, movement 
into the defoliated parts is greatly accelerated. 




370 


Journal of Agricultural Research 


Vol. 60, No. 6 



Figure 2. — Effect of defoliation on upward movement of virus. This plant of 
Nicotiana glauca was inoculated on the basal graft of Turkish tobacco; 12 days 
later all foliage was removed from the main stem. Photographed 12 days after 
defoliation. Symptoms of mosaic are evident on the rolled leaviii of the new 
growth of the top graft of Turkish tobacco. 

When the results shown in figure 1 are compared with the results 
obtained in the study of the upward movement of the curly 
top virus in the same type of plant under similar conditions, it seems 
probable that, under the conditions of the tests, movements of the two 
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viruses were similar and were influenced by tlie same factors operating 
approximately equally in each plant. 

EFFECT OF DARKNESS ON MOVEMENT 

Turkish tobacco plants with main stems in a horizontal position 
and with basal suckers similar to those already described were used 
in experiments to test the influence of darkness on acropetal movement 
of virus. The main stems of the selected plants were 30 to 36 inches 
long at the time the tests were started. 

In the first tests, the main stems of the plants were placed in a 
dark box but the basal suckers were exposed to the normal light 
(conditions of the greenhouse throughout the tests. The basal suckers 
were inoculated at the time the main stems were placed in the dark. 
At intervals of 5 days for 20 days following inoculation, plants were 
removed from the dark and the main stems were defoliated and cut 
into 6-inch s(^gments. Juice was pressed from each segment and us( 3 d 
to inoculate healthy Turkish tobacco plants to determine the presence 
or absence of virus. 

Movement of the virus in an acropetal direction from the inoculated 
suck(3r was slow at first and apparently little movement occurred dur- 
ing the first 5 days (table 5). Movement was more marked during 
th(3 second and third fi-day periods, and after 20 days virus was found 
in all the segments of (each of the st(3ms of the plants of this scries. 


Table r>. Miwewetd of virus in an acropetal direction in darkened horizonlallij 
placed wain stews of Turkish tobacco plants^ from basal upright shoots in the 
light 



Although comparison of these results with those obtained with 
similar plants growing under more nearly normal conditions of ilium- 
nation (table 1 ) indicates that darkness had a marked effect in inducing 
acropetal movement, the response in virus movement seems less 
strikmg than that previously obtained (4) with the virus of curly 
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top in sugar beet. This differoncc may be associated in part with 
yellowing and (lying of darkened tobacco leaves, which may have 
resulted in an outward movement of materials from these leaves 
during the first few days they were in the dark, and tliis in turn may 

have tended to delay 
the movement of ma- 
terials, including virus, 
from the basal parts of 
the plants. 

In a second experi- 
ment, the main shoots 
of plants similar to 
those used in the exper- 
iment just described 
were placed in a dark 
box and the basal 
suckers were exposed 
to normal light condi- 
tions. At the time the 
shoots were placed in 
the dark, one of the 
small leaves at the top 
of each darkened shoot 
was inoculated. Cheek 
|)hiuts were used in 
which ail parts w(u*e 
in the light. 

The plants in the 
dark and the check 
plants were watched 
for the appearance of 
symptoms on the tops 
of the main shoots 
and on the basal 
suckers. Symptoms 
appeared on the inocu- 
lated tops of the check 
plants in an average 
period of 5.2 days and 
on the basal suckers in 
an average ^period^of 
7.8 days. 

Owing to the etio- 
lated condition of the 
tops of the shoots in 
the dark, symptoms 
were not (iistinguished 
on the inoculated parts 
of these plants. The 



Figure 3. — Plant of Nicotiana tabacum inoculated on 
a small leaf at the top of the main shoot immedi- 
ately after it was placed in the dark. The basal 
upright shoot was exposed to the light. The plant, 
photographed 40 days after inoculation, shows the 
new growth produced in the dark, the dead leaves 
on the older part of the plant, and the growth 
produced by the basal sucker during the period 
of the experiment. The virus did not pass out 
of the main shoot of this r)lant in a period of 40 
days in the dark, || 

minimum time for the appearance of symptoms on a basal sucker was 
29 days, and on 7 of 10 plants tested no symptoms were evident on the 
basal suckers after 40 days. At the end of the 40-day period, it was 
found that all of the dhirkened leaves that had normal green color when 
placed ip the dark box had died but that from 15 to 24 inches of new 
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growth had been produced during the time the shoots were in the 
dark. Figure 3 sliows one of these plants at the time it was removed 
from the dark. 

Upon removal from the dark box after a iieriod of 40 days, the 
main stems were defoliated and cut into 5-inch segments. Juice was 
pressed from these segments and used to inoculate healthy Turkish 
tobacco plants to determine the extent of virus spread from the 
points of inoculation during the period of test. 

The distribution of virus in 7 of the 10 plants used in the experiment 
is shown in table 6. The results show that in these plants the virus 
was present in all of tin', etiolated segments but had mov(*d to tin; 
basal suck(U' in only one plant. Symptoms appeared on th(^ basal 
sucker of this })lant a few days after the main stem was removed. 
Tlie parts of the remaining 6 plants from which the main stems had 
been removcMl were kept for several months. All remained free of 
symptoms. Thus, in 6 of the 10 plants th(^ virus was unable to pass 
basipctally out of the darkened shoots in a period of 40 days. 


"Fable 6. — Distribuiton of virus in inocidated main sterrm of plants of Turkish 
tobacco after they had been in the dark for 4^) days 


fEadi plant had an upright basal shcot that was kept under iif)rinal light couditiorisl 


J’hint 

7‘resciicc or absence of virus in indicated 5-inch segment of stem, counting from btisc to top • 

No. 

First 

Second 

adiird 

Fourth ^ 

Fifth 

Sixth 2 

Sc vent h3 

Eightii 3 

Ninth 3 

1 . . 

+ 

4- 

+ 

-f 

+ 

H" 

+ 

4- 

+ 

2 ... . . 

— 

_ 

— 


+ 

-h 

4- 

4- 

4- 

H 


+ 

— 

+ 



4- 

4- 

■4- 

4.. 



+ 

-f 

+ 

+ 

4- 

+ 

4- 

ti 


— 1 

+ 

+ 

+ 

■f 

4- ! 

4- 

4- 

«... 

! 

— 1 

— 

-f 

+ 

» 1 _ 

4- 

4- 

4- 

7.... .. . 

— 

— 




+ 

+ 

4- 

4- 


1 Plus and minus signs indicate virus present or absent, respectively. 

2 Inoculated segment. 

3 Etiolated segments produced in the dark; the ninth segment ranged from 4 to 9 inches long, depending 
on the plant. 


EFFECT OF SEED PRODUCTION ON MOVEMENT 

Vickery et al. {18) have shown that at the time the tobacco plant 
fruits there is an appreciable movement of carbohydrates and other 
materials from the mature leaves and from the root system into the 
flower parts. It seems likely that this movement may be extensive 
enough to cause a more or less uninterrupted movement of materials 
toward the fruiting parts during the time seeds are being produced. 
Periodic directional reversal of flow of materials, therefore, may occur 
only sparingly or not at all at such times in these plants. If this is 
true and if virus movement is correlated with food flow, it follows 
naturally that acropetal movement of virus in fruiting plants should 
be more rapid than in nonfruiting plants and that basipetal movement 
should be less rapid . 

Turkish tobacco plants with horizontally placed stems and with 
basal suckers as already described were used to test this theory. Four 
lots of plants were prepared. In the first, the basal sucker was 
inoculated before the plants had produced blossom buds. To keep 
the plants in a vegetative condition so far as possible, all fruiting 
•structures were removed before any blossoms opened. Figure 4 
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shows one of the plants of this lot. In the second, third, and fourth 
lots the basal suckers were inoculated, respectively, wlien the first 
blossom opened, when the first seed pod was full size, and when the 
most mature seed pod was beginning: to turn brown. In all four lots of 
plants, however, the bending of the main stem was timed so that the 
basal suckers were less than 6 inches long when they were inoculated. 

The plants of the 
second, third, and 
fourth lots were al- 
lowed to fruit nor- 



mally. At intervals of 
5 days, following the 
inoculation of the bas- 
al suckers, five plants 
of each lot were cut 
into 6-inch segments 
and each segment was 
planted in sand in a 
separate pot. Subse- 
rpjent growth indi- 
cated presence or ab- 
sence of virus in the 
segment and showed 
the extent of invasion 
of the main stems of 
the plants in the allot- 
ted time intervals. 

In these plants the 
acropetal movement of 
the virus in the main 
stem from the inocu- 
lated sucker was in- 
fluenced to a marked 
degree by seed pro- 
duction. The extent 
of this iiifiuence is 
illustrated in figure 5. 
In the plants that 


Figure 4. — Type of plant of Nicotiana iabacum used were not allowed to 
to study the acropetal movement of virus in a mai n blossom the virus 
stem of tobacco. The basal sucker was inoculated failed to reach the top 
when it was about 2 inches tall and blossom buds rvioin ainma in o 

were removed from the main stem before any bios- % mam stems in a 

soms opened. Photographed 30 days after the basal period Ol 4U days ex- 
sucker was inoculated. cept in one of the 

plants in the 30-day 

lot. In the tliree lots of plants that were allowed to |ruit the virus 
moved into the tops of all of the plants in periods of 5 t^ 15 days after 
appreciable acropetal movement had started. 

These results show that conditions are unfavorable for acropetal 
movement of virus in tobacco plants of the kind tested prior to the time 


of fruiting, but that there is a period at the time of seed production 
during which conditions are peculiarly favorable for movement of 
virus m the direction of the fruiting parts. This period falls within 
the tiiiue during which the plants are transporting appreciable quan- 
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tities of organic materials to the fruiting parts for the production of 
seeds. 

Since fruiting was correlated with a marked increase in rate of move- 
ment of virus from the base of the plant toward the fruiting area, it 
would seem to follow that movement in the reverse direction, or 
basipetally, would bo less rapid in fruiting plants than in plants in a 
vegetative condition if virus movement is influenced by the factors 
responsible for food translocation. 

In an experiment planned to test this hypothesis, plants of Turkish 
tobacco were bent to a horizontal position as in other experiments. 



TIME ALLOWED FOR MOVEMENT (DAYS) 


Figure 5. — Acropetal movement of the virus of tobacco mosaic in the main stems 
of plants of Nicotiana tahacum into which the virus was introduced through 
basal suckers when the main stems were in the following stages of development: 
a, Vegetative, not allowed to blossom; 6, first blossom open; c, most mature 
seed pod full size; d, most mature seed pod brown. 

When the seed pods of the main stem began to turn brown, leaves of 
the inflorescence were inoculated. At 5-day intervals for 20 days, 
stems were severed one-half inch above the point of attachment of the 
basal sucker, defoliated, cut into 6-inch segments, and tested for the 

i )resence of virus by using expressed juice from each segment to inocu- 
ate healthy Turkish tobacco plants. 

An equal number of check plants were used. These, however, were 
younger, and when leaves at the distal end of the main stems were 
inoculated no blossom buds were evident. Stems were severed daily 
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for 5 days after inoculation, and 6-incli segments were tested for the 
presence of virus by the method used for the lots of older plants. 

The difference in rates of basipetal movement of virus m these two 
types of plants is striking as shown in table 7, where the results of tests 
of the segments of each plant are recorded. Movement of the virus 
in the direction of the root system was very rapid in the vegetative 
plants, as was expected. In two of these plants the virus moved a 
distance of 30 inches in 3 days, and in all of the plants tested it moved 
a distance of 30 inches or more in 4 days. In these plants the virus 
had either moved the full distance to the roots in the time interval 
selected or it had not moved out of the inoculated segment. 

In the fruiting plants, movement was much delayed and in one 
plant the virus did not move out of the inoculated segment in 20 days. 
In live of the fruiting plants the virus was intercepted in its movement 
toward the root even though the interval of test was 5 days. This 
suggests that throughout the entire length of the stems basipetal 
movement may have been slow as compared with that in stems of 
vegetative plants, where the virus was not intercepted in its movement 
toward the roots in any instance, although the interval of test was 
only 1 day. 


Takle 7. — Influence of aLage of rnaluriiy of Turkish tobacco 'plants on hasipetal 

movement of viriis 



Period 



i l»roscDce or absouci^ of virus in indicated 6-inch 


from 



segment counting from base to top 

1 

Stage of development of 

inocula- 

I’lant 

Basal 








inoculated plant 

tion to 

No. 

Slicker ‘ 




1 





test for 
virus 



First 

Second 

Third 

Fourth 

Fifth 

Sixth * 


Days 

1 






f 


+ 



2 

— 

_ 

— 

— 


— 

— 

4- 


6 

3 

— 

— 

— 

— 


“ 

— 

4- 



5 



— 

— 


_ 


"T 

4- 



6 

— 

_ 

~ 

_ 


— 

— 

4- 



7 


— 

— 

— 


— 

— 

4- 


10 

8 


-f 

4- 

+ 


f 

4- 

4- 

Oldest seed pods beginning 


10 

— 


— 

— 


_ 


"T 

4- 

to turn brown. 


11 

— 

— 


— 


— 

4- 

4- 



12 

— 

— 

— 

— 


- 

+ 

-f 


15 

13 


-f 

4- 



+- 

4- 

4- 



14 

— 

— 

— 

— - 


f 

4- 

4- 



15 

— 

— 

— 



f 

4- 

4- 



16 

+ 

+ 

4- 



f 

4- 

4- 



17 

— 


— 

— 


- 

~ 

4- 


20 

18 


+ 

4- 

4- 

4- 

4- 

4- 



19 

-f 

4- 

4- 

4- 


f 

4- 

4- 



20 


4- 

4- 

4- 


t- 

4- 

4- 



21 

— 

— 


— 


- 

—■ 

4- 



22 

_ 

— 


— 


- 

— 

4- 


2 

23 

— 

— - 


— 


- 

— 

4- 



24 

f)f> 

— 


— 

— 


“ 

— 

4“ 

j,. 



Zb 

26 

— 

— 

- 

— 


- 

- 

T* 

4- 

Plants wholly vegetative, ^ 
blossom buds not evident. 

3 • 

27 

28 
29 

+ 


+ 

+ 

4- 

4- 

4- 

+ 

4- 



30 

+ 

+ 

4- 

4- 

+ 

4- 

4- 



31 

+ 

4- 

+ 

4- 

H 

- 

4- 

4- 



32 

+ 

4- 

4- 

4- 

H 

- 

+ 

4- 


4 ^ 

33 

4- 

+ 

4- 

+ 

H 

- 

4- 

4- 



34 

+ 

+ 

4- 

4- 

H 

- 

4- 

4* 



35 

+ 

4- 

4- 

+ 

H 


+ 

4- 


1 Plus and minus signs indicate virus present or absent, respectively. 
3 Inoculated segment. 
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RESISTANCE OF DIFFERENT TISSUES OF STEMS TO 
PASSAGE OF VIRUS 

Previous (^xpcuinKuits (3) hav(‘ shown that the virus of curly top of 
suj?ar b(H»t did not move throng*!! portions of stiuiis of Nicotiana 
tabacum and N. glauca in which the pliloem continuity was broken by 
ringing. ITowever, tlie virus was abh^ to move in both the external 
and internal phloem and to pass from one type to the other through 
the union of the two in the leaf traces. 

The virus of curly top shows evidence of being limited to the phloem, 
and for this reason probably would not be expected to pass through 
such structures as medullary rays, wood parenchyma, or other types 
of parenchymatous tissues. The virus of tobacco mosaic, however, 
occurs in much of tlie tissue* outside of the phloem and jirobably multi- 
])lies and re^aches high concern trations in parriiichyma of the common 
varieties of comm(*rcial tobaccos. With tluise concepts in mind, 
t(*sts were made to determine the effe'ct of various type's of rings in 
stems of Nicotiana tabacum anel N. glauca on the passage of virus. 

EXPERIMENTS WITH NICOTIANA TABACUM 

Potte'el plants of Nicotiana tabacum were* allowe'el tei greiw until the\v 
re'acheHl the blossom stage, when the*y were* prune*el back to a he'ight of 
about 18 inches. Internal anel e*xt('rnal rings weTe* the*n place*d in the 
steun beJow the^ se^cond bud ceiunting from the teip of the^ stem. The 
external ring was inaele^ by re*moving a ring of bark anel cambium 
approximateJy 2 mm. wiele*. The^ inte^rnal ring was maele by re»moving 
a part of the stem by me*ans of a small cork bore*r and scraping out a 
ring of pith anel inteuTial ])hloe 3 m. 

Afte'r the? rings we*re made the plants W(?re allowed to stanel for 3 
or 4 days, wlien the rings we*re again scraped and the holes for tlie 
int(*rnal rings we*re* fille*d with paraffin having ame*lting point of 60° C. 
Le'ave?s on parts abeive? the* rings we?re? the*n inoculate*d anel the plants 
were obse*rve*el for the* appearance of symjitoms on parts above? and 
below the rings. 

The position of the rings and the re»sults of the* 1-ests are sliown in 
table 8. As indicateel, the rings we*re place*d in positions to determine 
whether the virus was able te) move through (1) inte'rnal phloem, 
(2) external phloemi, (3) vertically through the woeiely cylinder, (4) 
from external to internal phloe*m through the wooely cylinder, (5) 
from internal to exte?rnal phloe*m through the wooely cylinder, (6) from 
internal to external phloem througli the phloe*m connections in the 
leaf traces, and (7) from e?xt(?rnal to inte*rnal phloem through coiineev 
tions in tlie leaf traces. 

There was no appreciable delay in passage of virus through rings 
in which there was uninterrupted phloem tissue. Virus passed radially 
tlirough the woody cylinder in the absence of pliloem connections, but 
apparently passage was delayed an average period of 8 days or more. 
It seems evident also that tlie virus was able to travel vertically in 
the woody cylinder, but travel was rather slow and movement of a 
distance of little more than 2 mm. apparently required an average- 
time of more than 20 days as indicated by the delay in appearance 
of symptoms on shoots across the rings. However, it is possible that 
a part of this apparent delay was caused by the time required for the 

?g5Q81-~4() 8 
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virus to move into tlie tops of the indicator shoots, which had grown 
considerably during the period of the experiment. 

Tarlk 8. — Effect of different types of rings in stems of Nicoiiana tahacum on the 
movement of virus through the ringed parts 


Position of rings 

Plants 

tested 

Average period for ap* 
pearance of symptoms 
on shoots 

Above 

rings 

Relow 

rings 


Number 

Days 

Days 

External ring only 

f) 

4.8 

6. 1 

Internal ring only 

5 

4.4 

5.8 

E.xternal and internal rings at same level 

12 

6.2 

29.5 

External ring 1 inch above internal, both in internode . 

f) 

A 0 

14.0 

Internal ring 1 inch above external, both in internode. 

5 

6.0 

13.8 

External ring 1 inch above internal, node between 


bA 

6.6 

Internal ring 1 inch above external, node between 

5 

6.4 

6.0 

— — — — - 

1 






This delay in virus passage may account for the results obtained 
by Matsiiinoto and Somazawa (13) in which they found that, although 
the virus of tobacco mosaic occurred in the woody cylinder of tobacco 
stems, it apparently did not pass portions of the stem from which both 
internal and external phloem had been removed. If tests for presence 
of virus were made shortly after symptoms appeared on the inoculated 
shoots, as may be inferred, it is probable tliat not enough time was 
allowed to permit passage of virus through the ringed parts of the 
stems. 

EXPERIMENTS WITH NICOTIANA (ILAUCA 

An experiment similar to that just described was made with Nico- 
tiana glauca, instead of Turkish tobacco, to test the movement of 
virus through different stem tissues. Plants having single stems were 
pruned to a height of about 24 inches, and healthy scions of Turkish 
tobacco were grafted into the base and top of each stem. When the 
grafts w(vre well established, rings of the same type as those used in 
Turkish tobacco in the experiment already described were placed in 
the stems of N. glauca a short distance below the top graft. After 
the rings wei’c^ made, tlie top graft of each plant was inoculated and 
the plants were watched for the appearance of symptoms of rnosai<' 
on tlie grafts of Turkish tobacco above and below tlie rings. 

As in experiments with Nicotiana tabacum^ rings that did not destroy 
phloem continuity had no measurable effect on the movement of the 
virus through the stem. However, the results obtained from the 
plants in which phloem continuity was broken by the rings were 
decidedly different from those obtained with N. tabacum. In some 
of the plants (table 9) in wliich there were no phloem strands bridging 
the rings, symptoms appeared on tlie lower graft after considerable 
delay. Perhaps in these plants the virus passed the rings in the 
absence of phloem. However, it is recognized that in experiments 
of this type there is always danger of accidental infection, since 
healthy shoots of the very susceptible Turkish tobacco were growing 
in close proximity to infected parts. 
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Table 9. — Effect of different types of rings in the stem of Nicotiana glauca on pas- 
sage of the virus of tobacco mosaic 



j 

EtTect on plants In 
whi(;h virus ptiss<‘d j 
rings 

Effect on plants in 
which virus did not 
pass rings 

Tositioii of rings 

Plants 

infected 

Plants 

affected 

Average 
period 
from in- 
oculation 
to appear- 
ani» of 
symptoms 
below ring 

Plants 

affected 

j 

Average 
period 
from in- 
oculation 
to discard 
of plants 

No ring - 

Number 

5 

Numtter 

5 

Days 

7.8 

Number 

Days 

External ring only. . 

5 

5 

8. 0 



Intornal ring only. _ 

.5 

f> 

6.4 



Plxtcrnal and intornal rings at same level 

5 

1 

19.0 

4 

376 

External ring 1 inch above internal, both in in- 
ternode. - 

6 

3 

104. 6 

2 

390 

Internal ring 1 inch above external, both in in- 
ternode 

4 

3 

46.3 

1 

327 

External ring 1 inch above internal, node be- 
tween . ... 

5 

5 

8.2 


Internal ring 1 inch above external, node be- 
tween - - • - 

5 

5 

7.8 








Regardless of what may have happened in the stems of the plants 
in which symptoms of mosaic appeared on both sides of the rings, it 
seems clear that at least some of the plants were able to restrict the 
virus to a certain portion b(?low which phloem continuity was severed. 
In some of these plants the virus was held in the parts above rings for 
periods of several months. One of these plants is shown in figure 6. 
A more detailed view of another plant of this series is shown in figure 7. 

At the time’'lhe plants in which the virus failed to pass the rings 
were discarded, transverse sections of the stems in the ringed portions 
were examined to determine whether living cells connected the parts 
above and below the rings. Where the rings were at the same le.vel, 
the exposed inner and outer tissue enclosed a part that seemed 
similar to nonnal wood. 1 jiving wood parenchyma (*,e]ls wctc present , 
some with chloroplasts. Where the rings were at different levels, tlu* 
pith, wood, and bark appeariHl nonnal between the rings, and num(M- 
ous living strands bridged the space betwetm the inner and outer 
phloem. From these observations it was cnncludi‘d that then' were 
bridges of living tissue connecting the phlocun of th(' upper infi'cted 
ppt with the lower noninfected part in all of the plants in which the 
virus failed to pass the rings. 

Those results seem to justify the conclusion that in at least some of 
the plants of Nicotiana glauca the living parenchyma of the stem is 
able to act as a barrier to the passage of the virus of tobacco mosaic. 
In such stems both the medullary rays and the wood parenchyma 
are impermeable to the virus. 

MOVEMENT OP THE VIRUS OP CUCUMBER MOSAIC THROUGH RINGS IN THE 
STEMS OP NICOTIANA GLAUCA 

After it was found that the virus of tobacco mosaic was unable to 
move longitudinally or radially through the woody cylinder of certain 
plants of Nicotiana glauca in the rather long time interval allotted for 
movement, experiments with a second virus were started. The virus 
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Figure 6. — Restriction of virus movement in stems of Nicotiana glauca by rings 
that destroyed phloem continuity. Grafts of Turkish tobacco were placed at 
the top and base of the stem. External and internal rings (positions shown by 
arrows) were placed at different levels in an internode, and the top graft was 
inoculated September 18, 1936. The plant was photographed April 14, 1937. 
The mosaic symptoms in the top graft are in striking contrast to the normal 
growth from the basal graft, showing that the virus was unable to traverse the 
woody cylinder of the stem, vertically or radially. 
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Figure 7.— More detailed view of plant of same series as that shown in figure 6. 
Photographed 6 months after the top graft of Turkish tobacco was inoculated 
with the virus of tobacco mosaic. The virus did not pass the rings (positions 
shown by arrows) in the stem of Nicoiiana glavca in a period of 6 months, as 
indicated by the healthy foliage at the top of a shoot from the basal graft of 
Turkish tobacco shown in the Tower part of the figure. 
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selected for these tests occurs in many of the plants of N, glauca 
growing wild in the vicinity of Riverside, Calif. Tliis virus is able 
to attack a number of plant species and causes very distinct mottling 
on AT', glauca and on Turkish tobacco, although on the latter mottling 
is much less pronounced than that caused by the virus of tobacco 
mosaic. Its properties and host nuige, so far as determined, indicate 
that it is a strain of the virus of cucumber mosaic common in the 
United States. 

Test plants were prepared as already described in the experiments 
with the virus of tobacco mosaic. Stems of plants of Nicotiana 
glauca were cut back to a height of about 24 inches and grafts of Tiirk- 
isli tobacco were placed at the top and base. After the grafts were' 
W(J1 established, rings were placed in the stems of the N, glauca 
plants about 1 to 2 inches below the top graft. These rings are listed 
m table 10 and were designed to determine (1) movement through the 
normal uninjured stem, (2) longitudinal movement through the 
woody cylinder, (3) radial movement through the woody cylinder, 
and (4) movement through the phloem of the leaf traces. After 
the rings were made, the top graft of each plant was inoculated. 


Table 10. — Effect of different types of rings in the stein of Nicotiana glauca on 
movement of the virus of cucumber mosaic 


Position of rings 

Plants 

tested 

Average time for ap- 
I)earance of symp- 
toms on grafts 

Above 

rings 

Below 

rings 

No ring ..... 

Number 

f) 

13 

28 

6 

Days 

20. 2 
19.3 
15. 5 
19.8 

Days 

24.6 

43. 3 

39. 3 

20.4 

External and internal ring at same level . . _ 

External and internal rings at different levels, both in internode 

External and internal rings at different levels, node botwiHjn the two rings . 


Tile symptoms produced in these inoculated plants varied consider- 
ably, especially on Turkish tobacco. However, they were distinct 
enough to bo detected readily under favorable conditions. The incu- 
bation period of the virus was also subject to much variation in differ- 
en^lants and was much longer than that of the virus of tobacco mosaic 
in Turkish tobacco plants used in earlier experiments. 

Average periods for the appearance of symptoms on the inoculated 
parts and on the parts below the rings are shown in table 10. In these 
tests the virus moved through the ringed portions of the stems regard- 
less of the presence or absence of phloem connections. Rings that did 
not sever phloem continuity had no detectable effect on the rate of 
virus passage, whereas rings that severed phloem continuity caused 
marked delays in the time of appearance of symptoms on the lower 
grafts. This indicates a period of slow movement through the woody 
cylinder. 

Another series of plants of Nicotiana glauca with top and basal grafts 
of Turkish tobacco was prepared for study of the effect of rings on 
passage of the viruses of tobacco mosaic and cucumber mosaic follow- 
ing simultaneous introduction of the two viruses into parts above 
double rings. After the grafts of these plants were well established, 
external and internal rings were placed at different levels in an inter- 
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Figuhe 8. — Plant of Nicoiiana glauca with top and basal grafts of Turkish tobacco 
and rings (positions shown by arrows) breaking the continuity of the phloem 
in the stem of N, glauca. The viruses of tobacco mosaic and cucumber mosaic 
were introduced simultaneously into the top graft. Tiie virus of cucumber 
mosaic moved through the ringed area and produced symptoms in a period of 
37 days. The virus of tobacco mosaic failed to move through the ringed area 
in 100 days. 
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no(l(' ill tlie stem of N. glauca about 2 iiiclies below the lower end of 
the top graft. Each top graft was then inoculated with both viruses 
and all grafts were watcJied for the appearance of symptoms character- 
istic of those produc(Hl by each of the two virusc^s. 

In all of the 20 plants tested, the virus of cucumber mosaic moved 
through the rings, and symptoms were evident on the foliage below 
the rings in an average period of 36 days. In 4 plants, symptoms of 
tobacco mosaic appeared on the lower grafts in an average period of 
68 days. 

No symptoms of tobacco mosaic were evident on the foliage of the 
lower grafts of the remaining plants in a period of 100 days, when the 
experiment was discontinued. Figure 8 shows one of these plants 
photographed 100 days after it was inoculated, and figure 9 shows 



Figure 9. — I^eaves of Turkish tobacco taken from the top and basal grafts on 
the plant of Nicotiana glauca (fig. 8) in the stem of which the virus of cucumber 
mosaic passed double rings that destroyed phloem continuity and the virus of 
tobacco mosaic failed to pass such rings: From top graft; from basal graft. 

characteristic symptoms produced on leaves taken from the top and 
basal grafts at the time the plant was photographed. 

At the end of the experiment, portions of the top and basal grafts 
of eacli plant were removed and dried to destroy the vinis of cucumber 
mosaic. Extracts were prepared from the dried material and used to 
inoculate healthy tobacco plants. No infection was obtained from 
extracts from material taken from the basal grafts that did not show 
symptoms of tobacco mosaic. 

These results show that certain plants of Nicotmna glauca separated 
the virus of cucumber mosaic from the virus of tobacco mosaic by 
virtue of the fact tliat the former moved through the woody cylinder 
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of N, glauca in tlie absence of pliloem, under conditions which caused 
the restriction of the virus of tobacco mosaic to the inoculated parts 
above the rings. 

DISCUSSION 

In connection with the general subject of factors involved in the 
movement of viruses in plants, a comparison of the movement of the 
virus of tobacco mosaic in Nicotiana tabacuniy Turkish variety, and 
in N. glauca with the movement of the virus of curly top {4) in these 
two species of Nicotiana is of interest. 

The virus of curly top probablv is closely limited to the phloem, 
but in the common varieties of tobacco the virus of mosaic evidently 
occurs in both phloem and parenchyma. Certain differences in the 
ability of two such viruses to invade plants would be expected to 
result from these different tissue rclationsliijis. The diff'erences that 
appear most evident in the results obtahied involve ability of the 
virus of mosaic to move through rings in the stems of plants of 
Turkish tobacco in the absence of continuous phloem paths, and in 
an apparently greater tendency on the part of the virus of mosaic to 
move in directions opposite food transport under certain conditions. 

Before considering these differences further it should be emphasized 
that the^Tc is evidence of two distinct types of virus movement in 
plants. One type occurs in the parenchyma and the other in the 
phloem. The factors responsible for movement through the paren- 
chyma probably are diffusion and protoplasmic streaming, perhaps 
aided by virus multiplication. Movement resulting from the opera- 
tion of these factors would necessarily be relatively slow and inde- 
pendent of other materials being transported. 

The factors responsible for virus movement in the phloem are not 
well understood, but it is quite evident that under favorable conditions 
viruses inav move through the phloem at very rapid rates. These 
rates greatly exceed any movements that have been shown to occur 
in parenchyma. 

When the respective tissue relations of the viruses of tobacco mosaic 
and curly top are considered in relation to the two types of movement 
that occur in plants, the probable reasons for the observed differences 
in the movement of the two viruses are more cleaily evident. 

Since the virus of mosaic is able to move and increase in the paren- 
chyma, it would be expected to pass rings that destroy pldoem con- 
tinuity in the stems of Turkish tobacco. Matsumoto and Somazawa 
{13) showed that the virus occurs in the woody cylinder of tobacco 
stems. Since there is good evidence that it does not occur ordinarily 
in nonliving tissue, its presence in the woody cylinder would indicate 
occurrence in the wood parcncyhma and in the medullary rays of the 
woody portions of the stem. Therefore, the virus should be able to 
pass rings in stems by traveling radially through medullary rays or 
vertically through wood parenchyma. But since travel through cells 
of these tissues would be slow, considerable delay in passage of rings 
that break phloem continuity would be expected. The results of 
virus passage through rings in Turkish tobacco show this expected 
delay. 

The same principles may be used to explain the movement of a 
virus, such as that of tobacco mosaic, in directions opposite food flow. 
Comparison of the movement of the virus of curly top (4) with that of 
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tobacco mosaic through a horizontal stem of Turkish tobacco acro- 
petally from an inoculated basal sucker shows that the curly top virus 
had in most instances either reached the top in the time interval 
allowed or had not moved a distance of one-half inch from the base of 
an inoculated sucker; whereas in tln^ same type of plant there was a 
certain amount of evidence of a slow acropetal movement of the 
mosaic virus throughout the interval allowcid for movement. If the 
virus of curly top is limited to the phloem it wouJd be able to move 
in the phloem only when conditions were favorable for movement. 
Evidence indicates that conditions are not usually favorable for 
movement in phloem in an acropetal direction in the type of plants 
t(»sted ; but if they do Ix'coim^ favorable, movem(*iit may be very rapid. 

Howev(‘>r, since the virus of mosaic is able to move in the parenchyma 
and since: this type of movtunent is ind(‘.penderit of movement in the 
phlocTO, the virus of mosaic would be able to move acropetally through- 
out the time allowed for movemcMit at the rat(i it is able to maintain 
in parenchymatous cells. Although this rate of movement is not 
great, it would be detectable in plants held for long periods and might 
be appreciably greater than that in the phlocun under conditions 
unfavorable for movemcMit in the phloem. 

The question naturally arises as to why the tobacco mosaic virus 
did not in all instances pass certain typers of rings in Nicotiana glauca 
in which passage would have involved travel through either the 
medullary rays or the wood parenchyma. Not enough information 
is available at this time to answer this question with certainty, but 
the lack of mottling in infected plants may have some significance in 
this connection. It is conceivable that the absence of mottling in 
N, glauca was due to a low concentration or absence of virus in the 
chlorophyll-bearing cells. If this is true, it seems probable that much 
of the extraphloem tissue of the stem may be unfavorable for multi- 
plication or movement and that the virus may be more or less closely 
restricted to the phloem, at least in the stem of certain individual 
plants. It might for this reason be incapable of traveling longitudi- 
nally through the wood parenchyma or radially through the medullary 
rays connecting the regions of internal and external phloem. 

This concept is strengthent^d somewhat by the fact that the virus 
of cucumber mosaic, which is capable of causing distinct mottling in 
Nicotiana glauca and therefore presumably occurs in relatively high 
concentration in parenchyma, was able to pass rings in stems of N. 
glauca which destroyed phloem continuity and through which the 
virus of tobacco mosaic failed to pass. 

The evidence obtained with tobacco mosaic virus in the two species 
of tobacco indicates that the tissue relationships of a virus may be 
quite different in two distinct host plants. 

Similarities in the movement of the virus of tobacco mosaic and 
the virus of curly top are obvious when movement through the 
phloem is considered. 

According to tests in which plants were inoculated at the top and 
then segmented after certain intervals, the maximum rate of move- 
ment through the phloem determined for the virus of mosaic was 36 
inches in 72 hours. Evidence indicates consistently that this rate, 
of about one-half dneh per hour, is maintained in plants under favorable 
conditions for movement. The virus of curly top apparently moves 
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at approximately tlie same rate iii the stems of tobacco under similar 
conditions. Its movement in beet, however, is much more rapid. ^ 

It is recognized that there is an element of error in the determmation 
of rates of movement of these viruses in tobacco because the time 
that movement begins in the phloem cannot be determined accurately. 
The actual maximum movement, therefore, is somewhat greater than 
that indicated, but probably less than twice as great. Since the 
element of error is present in the determination of the movement of 
each virus, and since its magnitude is not definitely known in either 
instance, accurate comparisons of the maximum movements in the 
stem of tobacco are not practicable. However, the evidence clearly 
indicates that the movement of the two viruses through the jihloem 
of the stem of tobacco is approximately of the same order. It is 
evident also that both viruses move rapidly in directions of food 
transport and very slowly in directions opposite food transport. 

The way in which the virus of tobacco mosaic moves in defoliated 
stems, in shoots placed in the dark, and in plants during the period of 
seed development, indicates clearly that movement of this virus 
through the stems of plants of Turkish tobacco and of Nicotiana glauca 
can be influenced, and to a considerable extent controlled, by control- 
ling certain factors that determine the direction of movement of 
elaborated food ma terials. This seems to furnish very strong evidence 
in support of the view that virus movement is correlated with the 
translocation of elaborated food materials in the plants in which tests 
were made. 

In view of this fact it may be well to consider further the evidence 
that has been interpreted as opposed to such a correlation. This 
evidence consists principally of the following observations. Tlie virus 
moves acropetally and basipetally in the stems of normal upright 
tobacco and tomato plants {5, 7, 0,10), It apparently does not move 
into darkened mature tobacco leaves more rapidly than it moves into 
normal leaves in the light, and it moves out of darkened mature leaves 
almost as readily as it moves out of normal leaves in the light (5). 
It moves out of young leaves before they are mature (6*). 

To interpret this evidence as opposed to the concept of correlated 
virus movement and food translocation, obviously the following 
assumptions must be made: (1) Food movement in at least the lower 
portions of normal upright tobacco and tomato plants is always in 
the direction of the roots; (2) movement of food materials is into and 
not out of mature tobacco leaves in the dark; and (3) no food moves 
out of immature tobacco leaves. It seems very doubtful that these 
assumptions are justified by the evidence that is available. 

Since Samuel {17) found that in the stems of tomato plants the 
virus of tobacco mosaic usually moved first to the roots and later to 
the tops and Caldwell {5) found that in tobacco the virus moved first 
to the tops, it seems probable that movement in the stem may be in 
either direction, depending on conditions at the time of entrance. 

It is possible that frequent directional reversals of food movement 
in tobacco and tomato stems may occur under normal conditions of 
growth and that the observed movements of virus may be correlated 
with diurnal or other directional reversals of food movement. The 
slow acropetal movement of the virus of tobacco mosaic in plants of 
Turkish tobacco and Nicotiana glauca manipulated in such a way as 
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presumably to decreases greatly the acropetal movement of food 
materials lends support to this idea. 

Failure of virus to move into darkened noninoculated mature leaves 
of tobacco and failure of inoculated dark(>ned leaves to restrict out- 
ward movemcuit of virus may have an e*xplanation that does not 
conflict with the concept of a correlation with food movement. It 
has been obs(Uwed r(‘peat(‘dly that when mature leaves of tobacco 
plants are placed in the dark they soon turn yellow and die. It 
seems probable that such leaves do not utilize food from parts in the 
light, for if they did they would continue to live. Owing first to the 
outward movement of food reserves and later to the outward move- 
ment of products r(‘sulting from protoplasmic disintegration, tlu^ 
directional movements of materials in the phloem of darkened leaves 
of tobacco may be similar to those of normal leaves. If this is tru(‘, 
the directional virus movcuuents that have been observed are tlios(^ 
that would 1)0 expected. Results from experiments in which entin^ 
shoots were placed in the dark and in which subsequent growth sIiowcmI 
that materials were moved into darkened shoots from parts in the 
light prove not only that virus can be caused to enter parts by keep- 
ing them in the dark but also that virus moves out of such parts with 
considerable difficulty. 

No information is available regarding the stage of development that 
a tobacco leaf must attain before it becomes a source of supply of 
carbohydrat(‘s to the rest of the plant, but it seems reasonaole to 
suspect that under favorable conditions for photosynthesis temporary 
surpluses of food materials may be dcvelopc^d in leaves long before 
they are mature and that at times there may be movement of mate- 
rials out of relatively young leaves. Such a movement, even if it 
were a very limited one, would account for the observini movements 
of virus out of relatively young leaves. 

It seems reasonable to conclude that the movement of the virus of 
tobacco mosaic through the phloem network of the plant is similar to 
that of the virus of curly top. The transport of these two viruses 
through the plant is probably the result of the operation of factors 
responsible for the translocation of elaborated food materials. The 
observed movements through the plant are of the type that would be 
expected if the basic principles of the theory of mass flow (7, 14) of 
liquid materials in the phloem were operating in the translocation of 
organic food substances. 

SUMMARY 

Iti vegetative plants of Turkish tobacco having a main stem in a 
horizontal position and a basal sucker in a vertical position, basipetal 
movement of the virus of tobacco mosaic in the main stem was rapid 
and acropetal movement w^as slow. In similar plants maturmg 
seeds on the main stem acropetal movement was rapid. In vegetative 
plants, acropetal movement was accelerated by darkness and defolia- 
tion. Basipetal movement was ve^ slow in main stems in the dark. 

In plants of Nicotiana glauca having top and basal grafts of Turkish 
tobacco separated by 3 feet of stem, virus moved from the top graft to 
the basal graft and produced symptoms in 6 to 9 days. In 7 of 10 plants 
the virus failed to move from the basal to the top graft in periods 
ranging from 22*4 to 252 days. Upward movement was relatively 
rapid when the tops were defoliated. 
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Roots of Turkish tobacco were susceptible to hifection, but usually 
long: periods were required for the virus to move from the roots into 
the tops and produce symptoms. Removal of the tops hastened the 
upward movement. 

The virus of tobacco mosaic moved through the rings tiiat broke 
phloem continuity in the stems of Turkish tobacco, but passage was 
delayed. In certain plants of Nicotiana (jlauca, the virus failed to 
pass rings that broke phloem continuity in periods some of which 
were more than 250 days. However, the virus of cucumber mosaic 
was able to pass such rings in all cases, although passage was delayed 
by the rings. 

Since the virus of tobacco mosaic usually does not produce mottling 
on Nicotiana (jlauca, it is suggested that the parenchymatous tissue 
of this species may I)e unfavorable for movement and multiplication. 
This may account for the inability of the virus to pass rings that 
break plilocm continuity. The fact that the virus of cucumber 
mosaic, which causes mottling on iV. ryto/m and therefore probably oc- 
curs abundantly in paren(*hyma, passed such rings in all instances lends 
support to this concept. 

The evidence indicates that the movement of the virus of tobacco 
mosaic is correlated with food transport. The factors involved in 
movement are probably not fundamentally different, from those 
responsible for the movement of other plant viruses. 
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ORGANIC RESERVES IN THE ROOTS OF BINDWEED ■ 


By C. G. Baiir 2 

Assoc idle in botany ^ Colorado Agricvltural Exparimcnl Station 
INTRODUCTION 

Organic reserves in the roots of perennial weeds are closely associ- 
ated with their persistence. Earlier work on bindweed control 
involved mainly the study of the effect of herbicides and the develop- 
ment of control methods by cultivation or smother crops with little 
consideration of the idiysiology of the weed. In 1936 work was under- 
taken at this station to study the carbohydrate reserves in bindweed 
roots and their role in growth and regeneration. The experiments 
reported in this paper relate to the effect of various cultural practices 
and chemical treatments on the trend of organic reserves in the 
roots of bindweed {Convolvulus arvensis L.). 

MATERIALS 

The study of the root reserves of bindweed is one phase of a larger 
program of weed investigations being carried on at the Colorado 
Agricultural Experiment Station. A lO-acre field of bindweed-in- 
fested land is under lease, and various cultural and chemical methods 
of weed control are in progress. The general plan of this part of the 
study involved the cultivation of plots at various intervals after 
emergence of the bindweed following each cultivation. Cultivations 
during the season of 1936 were (1) at emergence, (2) 3, (3) 6, (4) 9, 
(5) 12, and (6) 15 days after emergence. In addition to the clean 
cultivation and chemical tests, various cropping practices are being 
carried out.^ 

The study of the root reserves consisted essentially in determining 
the trend of the carbohydrates in the roots of plants under various 
treatments in comparison with undisturbed plants. Four separate 
types of collections were made: 

1. Root samples collected at biweekly intervals from April 25 to 
October 30. Two series of plots wqto samjded — one in which the 
plants were undisturb('d throughout the season, and the othei* in which 
the plants w^ere clean-cultivated all season at 9-da.y intervals after 
emergence of the bindweed. First emergence of phuits commonly 
occurred about 6 days after cultivating. Therefore cultivating 9 
days after emergence is comparable to cultivation once every 2 weeks. 

2. Root samples collected at 4-day intervals for a period of 24 days 
after a single cultivation at various dates during the season. 

3. Root samples collected from plots treated on various dates with 
dry sodium chlorate at the rate of 3 pounds per square rod. Root 

> Received for publicotion July 12, 1930. Contribution from the Colonido Agricultural Exjierlment 
Station in cooperation with the Division of Cereal Crops and Diseases, Bureau of Plant Industry, U. S. 
Department of Agriculture. 
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samples were taken June 1, July 1, August 1, and September 1 at time 
of ti’oatment, and also 1 month after treatment. Checks were run on 
untreated plots. 

4. Root samples were collected at the end of the growing season 
Tiear October I from plots as follows: 

(1) Uncultivated; (2) cultivated at emergence to depth of 3 inches, April to 
October; (3) cultivated 3 days after emergence, April to October; (4) cultivated i\ 
days after emergence, April to October; (5) cultivated 9 days after emergence, 
April to October; (6) cultivated 12 days after emergence, April to October; (7) 
cultivated 15 days after emergence, Xpril to October; and (8) cultivated to a 
depth of 6 inches 9 days after emergence, April to Octobe *. 

METHOD OF SAMPLING 

Root samples were obtained by sifting the soil containing bindweed 
roots and placing the roots with some soil, in quart mason fruit jars 
for transport to the laboratory. A post-liole digger which macie a hole 
() inches in diameter was used in digging the roots. By making four 
adjacent holes in the pattern of a square a hole was produced 1 foot 
squai*e and as deep as required. For the work on bindweed, root 
samples were taken from the first foot level only. Five cubic feet 
of soil from five different locations in the plot were taken as a standard 
composite field sample. 

Tire roots were taken to the laboratory as soon as })ossible after 
digging, the soil and sand removed, and the roots washed with cold 
water. The excess water was removed by blotting with cheesecloth. 
Duplicate 50-gm. samples were weighed to ±0.05 gm. on a torsion 
balance. These were cut into pint mason fruit jars containing 200 
ml. of boiling 95-percent alcohol, sealed, a.Tul allowed to simmer in a 
boiling water bath for 45 to 60 minutes. The samples were then 
stored until they (*.ould be conveniently extracted and analyzed. 

METHODS OF ANALYSIS 

The preserved root material was extracted by decantation with 80- 
percent boiling alcohol until reducing substances had been removed 
from the sample as determined by tests. From 12 to 15 extractions 
were required. The extract from each sample was collected in a 
volumetric flask and the extracting liquor made to volume after com- 
pletion of the extraction. Two-hundred-millilitor portions of this 
liquor were used for the sugar determinations. The ahuihol was re- 
moved by evaporation and the resulting water solution cleared with 
neutral lead acetate. Reducing substances were determined by the 
Miinson-Walker method for the precipitation of the cuprous 

oxide. A modification of the Bertrand (7) method was used for the 
estimation of copper. The residue, after the removal of the soluble 
carbohydrates, was dried to constant weight at 100®C., ground to 
suitable fineness, and analyzed for starch and acid-hydrolyzable 
materials separately. 

One-gram samples of the residue were gelatinized and digested with 
undiluted taka-diastase until negative iodine tests for starch were 
obtained. The digest was then filtered, the filtrate cleared with 
neutral lead acetate, and the glucose equivalent after hydrolysis was 
determined on aliquots. The starch fraction mcluded small amounts 

numbers in parenthes^ refer to Li^ratufo Cited, p. 41^. 
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of other substances which might be brought into solution by the gelatin- 
izing process and the taka-diastase digestion. Evidence for this is 
the fact that appreciable values for starch were obtained on samples 
from fallowed plots when iodine failed to give positive tests for starch. 
No important reserve material remained in the residue after the alcohol 
extraction and diastase digestion. This is shown by the unifonnly 
low acid-hydrolyzable vahies. 

The term “readily available carbohydrates,’’ as used in this paper, 
includes the total sugars and starch only, since acid-hydrolyzable 
substances probably do not serve as a readily available reserve. 

The acid-hydrolyzable fraction is shown in the tables, however, for 
the convenience of readers who desire to estimate the total carbohy- 
drates. The reducing sugars are necessarily a part of the total sugars 
as determined after invertase hydrolysis. Results shown in all the 
tables are exi)resscd on the basis of both fresh and dry weight. The 
graphs show the data on the basis of fresh weight. 

PRESENTATION AND DISCUSSION OF RESULTS 

Reserve food in the bindweed roots studied in these experiments 
occurred cJiielly in the form of sucrose and starch. Although the 
i*(Hlucing-sugar content was low, approximately 0.50 to 2.00 percent, 
iJie lotid sugars vari(ul from about 2.00 to 7.0() ])ercent. In a recent 
l)aper Bakke, (iaesshvr, and Loomis {JO showed that reserve^s in the 
l)indwe(Ml roots of tlwiv (experiment consisted largely of sucrose and a 
dtextrinlike c4)mi)oun(l or grou]) of compounds. l"h(\y showed also 
that reducing sugars and truce starch playced kess im])()rtant roles. 

'.rAHLS 1. Scmonnl variatiorifi in the carhohydralc conient (percent) of cultivated 
and of undiiitirrbcd hlndu'ced rooia expreasied on frcsh-weiyhl and dry-weight hascfi 
t!K>d ' 


Diilo 


Basis 


Ajjr. 25 

M ay 9 

M ay 25 

June 8 

June 22 

July fi 

July 20 

Aug. 

Aug. 17 

Aug. 31. 

Sept. 16 

Sept. 29 

Oct. 15 

Oct. 30 


f Fresh weight.. 
U)ry weight. 
f Fresh w eight. _ 
lT)ry weight. .. 
f Fresh weight.. 
I Dry weight... 
/Fresh weight. . 
i Dry weight. .. 
I Fresh weight,. 
1 Dry weight . . 
[Fresh weight. - 
I Dry weight . 
/Fresh weight.. 
\Dry weight... 
/Fresh weight.. 
\Dry weight . . . 
/Fresh weight. . 
\Dry weight . . . 
/Fresh weight.. 
I Dry weight... 
/Fresh weight. . 
I Dry weight... 
/Fresh weight. . 
IDry weight. . . 
/Fresh weight,. 
\Dry weight... 
/Fresh weight. - 
\Dry weigh t . . . 


236081—40 3 


TJiuiisturbcd plants — 


Ke- 

(iucing 

sugars 

'I’ntal 

sugars 

Starch 

Add- 

hydro- 

lyzable 

sub- 

stances 

Read- 

avail- 

able 

carbo- 

hy- 

drates 

0. 53 

2. 44 

1.80 

3. 12 

4.24 

3,10 

14. 00 

10.81 

18.70 

2.5. 41 

.51 

1.91 

.93 

3. 10 

2. 84 

3. 30 

12. 36 

6.00 

19.95 

18. 36 

.60 

2. 25 

1.65 

2.50 

3. m 

4. 48 

15. 13 

11.28 

16.92 

26.41 

1.07 

2. 54 

3.31 

2.37 

5. 85 

7.13 

17. 77 

22. 09 

15 85 

39. 86 

.84 

2.81 

2. 97 

2. 98 

,5. 78 

4. 85 

16.34 

15. 50 

17.30 

31.84 

.77 

2. 66 

4. 20 

3. 20 

C. 86 

3. 95 

13. 78 

21.03 

16.57 

34. HI 

1.31 

3.94 

4.74 

3. 15 

8. 68 

6. 81 

18. 93 

26.50 

13.92 

45. 43 

1.21 

3. 96 

6.21 

3.60 

10. 17 

5. 24 

17. 05 

26. 81 

15. 10 

43. 86 

1.25 

2. 79 

5.68 

3. 48 

8.37 

6.63 

12.56 

26. 15 

15.72 

37. 71 

1.66 

3. 97 

6.83 

3. 25 

10.80 

8.98 

22.83 

31.44 

14.97 

54. 27 

1.62 

4. 46 

8.28 

3.72 

12.74 

5. 40 

17.22 

32. 00 

14.40 

49.22 

1.92 

6.77 

8.48 

4.02 

14. 25 

7.91 

23. 69 

34.90 

16. 55 

58. 59 

1,67 

5.83 

6. 61 

3.50 

12.44 

9.26 i 

32.22 

29.22 

15.50 

61.44 

1.00 

7.20 

5.22 

2.93 

12. 32 

5. 16 

36. 35 

26.81 

15.07 1 

63. 16 


Cultivated plants — 


Ke- 

(ludng 

sugars 

i 

! 

'Fotal 

sugars 

Stardi 

Acid- 

hydro- 

lyzable 

sub- 

stances 

Read* 

avail- 

able 

carbo- 

hy- 

drates 











1 ' " 

0.’5.3 

1.50 

' 2.01 

'i'89 

3. 51 

3. 09 

8.08 

11.65 

16.77 

20. 33 

.40 

1.77 

1.40 

3.00 

3. 17 

2.48 1 

11. (X) 

S. 56 

18.70 

19. 56 

.26 1 

1. 19 

.70 

3. 69 , 

1.89 

1..54 1 

6. 94 

4.06 

21.47 

11.00 

.03 

.82 

.97 

3.20 

1.79 

.18 

5. 02 

6.97 

19. 40 

10.99 

.01 

.70 

.78 

3.00 

1.48 

.09 

4. 52 

5. 22 

20. 17 

9. 74 

.02 

.71 

.79 

3.33 

1..50 

.03 

4. 32 

4.87 

21.60 

9. 19 


.71 

1.00 

2.80 

1.71 


4. 63 

6. 81 

18. 42 

11.44 

"'.20 

.98 

.98 

2.70 

1 l.OG 

1.29 

6. 22 

6.15 

18. 35 

12.37 

.17 

.54 

.88 

3.60 

1 1.42 

.94 

3. (K) 

4.90 

19.95 

7.90 

.11 

.80 

1.60 

3.20 

2.30 

.06 

4.79 

9.03 

19. 45 

13.82 


.95 

.85 

2.90 

1.80 

• 1 

10.46 

5.62 

19.17 

16.07 
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In the experiments reported herein no attempt was made to separate 
the true starch from the dextrin. The values for starch reported, 
therefore, represent the true starch together with the dextrinlike 
group of compounds which Bakke, Gaessler, and Loomis discuss. 

Table 1 shows the data for total and reducing sugars, starch, acid- 
hydrolyzable and the readily available carbohydrates for undisturbed 
plants and plants cultivated 9 days after emeirgence (biweekly) 
throughout the growing season of 1936. In most cases dates of 
sampling are at exactly 2-weck intervals. 

SEASONAL TREND OF CARBOHYDRATES IN BINDWEED ROOTS 

The seasonal trend of the sugars is represcnteci graphically in figure 
1. The total sugar content of the undisturbed plants gradually in- 
creased from April to the last of October. The reducing sugars in the 



Figure 1.— Total and reducing sugar content of bindweed roots, when undis- 
turbed and when cultivated at 2-weck intervals, 1936: a, reducing sugars, 
cultivated; 6, total sugars, cultivated; c, reducing sugars, undisturbed; d, total 
sugars, undisturbed. 

undisturbed plants showed only slight increase from the beginning to 
the end of the experiment. Whether reducing sugars are precursors 
of sucrose or arise as a result of hydrolysis of the sucrose in bindweed 
is open to question. But in either case great variation in this fraction 
would not be expected, since in the former case they would rapidly 
be changed into the disaccharide and in the latter instance they would 
doubtless be used in general metabolism as rapidly as they were 
formed, without accumulating. 

It has been shown in an earlier paper (5) that the total sugars of 
bindweed are materially depleted and are held at a minimum of about 
1 percent of the dry weight by frequent cultivation. The data pre- 
sented here show that when a cultivation program is started early in 
the spring the apparent depletion of total sugars is largely the replt 
of a lack of normal accumulation rather than an actual depletion. 
Compare figure 1. Collection of samples from the cultivated plots 
was started May 25, 4 weeks after samples were first collected from 
the undisturbed plants. The total sugar content of the roots from the 
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cultivated plots was 0.75 percent less than from undisturbed plants. 
Slight depiction occupod, but the significant point seems to he the 
lack of accumulation in those plants which were repeatedly cultivated 
Only traces of reducing sugars were found in the roots of cultivated 
plants. 

In the undisturbed series, the starch content showed greater varia- 
tion than did the total sugars. The inininium values for both starch 
and total sugars on May 9 may be accounted for by the rapid utiliza- 
tion of carboliydrate material for regeneration and growth in the early 
spring. Observation of the growth status of the plants showed that 
four to six leaves had appeared on the young plants before May 5; 
about May 7 to 9 the plants exhibited much additional growth and 
marked vining. It seems reasonable to believe that this rapid vege- 
tative growth would be a drain on the reserve foods since the limited 
photos^thetic area probably could not supply the high sugar require- 
ments for rapid cell division. 

The data show relatively more rapid accumulation of starch than 
sugar before October 1. The September 29 starch value was 471 
percent of the value on April 25, while the total sugar for September 
29 was about 236 percent of its value on the earlier date. The 
marked seasonal increase in percentage of starch as compared with 
the accumulation of total sugars may be interpreted to mean that 
while sucrose may act as a temporaiy storage product it is rapidly 
transformed into the more stable and insoluble polysaccharide 
material. 

Table 2.- Seasonal variations in the carhohydrale content {percent) of cultivated 

and of undisturbed bindweed 7'oois expressed on fresh-weight and dry-weight 

bases y 1037 


Undisturbed plants 


Cultivated plants 


Date 


Basis 


Tdtal 

sugars 


Starch 


Acid- 

hydro- 

lyzable 

sub- 

stances 


Headily 

available 

carbohy- 

drates 


May 11 
May 30. 
June 3 
June 17 
July 1 
July 15 
July 29 
Aug. 12 
Aug. 27 
Sept. 11 
Sept. 24 
Oct. 7 
Oct. 28 


f Fresh weight.. 
\I.)iy weight—. 
fFrt^sh weight- 
)l)ry weight-.. 
f Fresh weight. 

I Dry weight .. 
/Fresh w^eight. 
iDry weight. 
/Fresh weight - 
\Dry weight- 
/ Fresh weight . 
U>ry wei0it--_ 
[Fresh weight 

I Dry weight 

[Fresh weight . 
IDry weight... 
/Fresh weight . 
IDry weight— 
/Fresh w^ght- 
\Dry weight— 
/Fresh weight . 

I Dry weight. . 


.Dry weight--, 
[Fresh weight . 
iDry weight. 


1 94 

1.74 

10. 1« 

9.96 

1.97 

2.83 

10. H3 

17.00 

1.97 

2.84 

9.90 

16.70 

1.70 

3.13 

8. 12 

10. 24 

3. 08 

7.50 

12. 67 

33.82 

3. 86 

9. HO 

16,90 

41.90 

3. 78 

8.84 

16.70 

23.90 

3.47 

8.04 

13. 05 

35. 10 

2.76 

7.47 

11. 14 

32.10 

3. 95 

1 5.87 

17.07 

1 28.20 

6.00 

1 4.63 

22.62 

25. 30 


3.76 

3.68 

21.20 

20.12 

3.28 

4. 80 

19.83 

27. 83 

3.44 

4.81 

21. 36 

25. 66 

3. 07 

4. 83 

16.71 

18. .36 

2.45 

10. 58 

10. 72 

46. 49 

2.36 

13. 65 

10.70 

68.80 

2.91 

12. 62 

13. 40 

40. 60 

2. 46 

11.51 

10. 47 

48.15 

3.38 

10.22 

16.27 

43.24 

3.08 

9.82 

12.70 

46. 27 

2. 73 

9. 63 

16.34 

47.92 


Total 

sugars 

Starch 

Acid- 

hydro- 

lyzable 

sub- 

stances 

Readily 

available 

carbohy- 

drates 

0.95 
5.86 
1.59 
9.69 
2. 42 
13. 90 
2.15 
12.38 

1.70 
13.02 
1.74 
11.60 
2.44 
15.75 
3. 60 
22. 65 

3.10 
21. 33 
3. 14 
24.18 
2. 10 
19. 70 
3.09 
19.46 

2.65 
18. 88 
3. 33 
21.29 
4.86 
29. 65 
6.76 
35.03 





1.96 

9.23 

4.06 

20.36 

2. 43 
14. 13 

6.01 

29.69 

i.93 

9.11 

3.11 
1.27 
2. 98 

14.14 

3. 66 
17. 63 
3. 88 
17.69 

1 3. 16 

16.75 



3. 30 
14. 15 
3. 22 
14. 70 
3. 00 
15.85 

Khn 

26. 74 
6.99 
IH. 96 
6. 15 
30. 89 















1 



1 ! 1 
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The change in percentage composition of sugar and starch in the 
roots of bindweed after about tJie end of September is interesting. 
Field notes taken indicate that temperatures had dropped consider- 
ably and growth had practically ceased near the end of September. 
Superficially the plants appeared to be dead and to be going into the 
usual winter dormant condition. It is a well-known fact that certain 
plants may be hardc^iKul to make them cold and drought resistant. 
C/heinical analysis of such plants shows a marked change in the 



Figure 2r Total sugar, starcli, and readily available carbohydrate content of 
bindweed roots when undisturljed and when cultivated at 2-week intervals, 
1936: a. Total sugars, cultivated; 6, starch, cultivated; c, readily available 
carbohydrates, cultivated; d, total sugars, undisturbed; e, starch, undisturbed; 
/, readily available carbohydrates, undisturbed. 

starch-sugar equilibrium. The marked decrease in starch content of 
bindweed roots accompanied by the increase in sugar percentage is 
indicative of the transition occurring in the roots with the approach 
of cold weather. Harvey {12) credits Lidforss {16) with reporting 
that a shift from polysaccharides to glucose and sucrose is a common 
occurrence in plants auring the cold season. Hasselbring and Hawkins 
{13) have shown the same shift occurs in sweetpotatoes kept at low 
temperatures. Harvey {12) also has shown that the polysaccharides 
of hardened cabbages are displaced in the direction of monosaccharides 
and disaccharides. 

Readily available reserves reached a maximum of 14.25 percent in 
the roots of undisturbed plants and a maximum of 3.51 percent in 
the cultivated plants. 
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Sugars, starch, and readily available carbohydrates, are plotted 
together in figure 2 to show their seasonal trends in undisturbed and 
cultivated plants. Distinct reductions are observed in each fraction 
A noteworthy fact which the graph reveals is the marked reduction 
in the carbohydrates of the cultivated plants. 

Investigation of the seasonal trend of the carbohydrates was car- 
ricul through the 1937 season also. The b(‘havior of ihe carbohydrates 



Fkjure 3.‘ Carboliyclratc content of bindweed roots wlien undisturbed, 1937: 
a, Total sugars; 6, starch; c, acid-hydrolyzable substances; d, readily available 
carbohydrates. 


fractions in 1937 was similar to that in 193() as shown in table 2 and 
figure 3. There was, however, more rapid accumulation of starch in 
the undisturbed plants. The data show that very lit tle accumulation 
of starch occurred before eTuly 15 but that thert»aft('r there was a very 
rapid increase in the starch content, reaching a maximum of 9.80 
percent by August 12th. This date was about 1 month earlier tlian 
the time of maximum carbohydrate accumulation in 1936.. The data 
are shown in figure 4. 

Weather data for 1937 are incomplete, but it is believed that the 
local environmental conditions delayed early accumulation and caused 
the rapid increase in starch between July 15 and August 12, in the 
undisturbed plants. 
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It should be pointed out that the samples used to show the seasonal 
trend of carbohydrates from fallowed plots for the 1937 series were 
taken from plots which were cultivated irregularly at 3- to 4-week 
intervals. This may account for the higher values found in the 1937 
cultivated plants as compared with those of 1936. 



1936 1937 


FiGUKifi 4. — Starch and readily available carbohydrate content of bindweed 
roots when undisturbed and when cultivated, 1930 {A) and 1937 (B ) : a, Starch, 
cultivated; 6, readily available carbohydrates, cultivated; c, starch, undis- 
turbed; df readily available carbohydrates, undisturbed. 

TREND OF CARBOHYDRATES IN BINDWEED ROOTS AFTER CROP 
HARVEST OR CULTIVATION 

At the outset it was planned to study the trend of the food reserves 
in the roots of bindweed at short intervals of sampling after small-grain 
or other crop harvest and after one cultivation. 

Assuming that rapid and important changes might be taking place 
in the carbohydrate fractions early in the season which could not be 
detected in the biweekly series, root samples were collected at 4-day 
intervals from May 2 to May 25, 1936. Analyses showed, however, 
that reducing sugars, total sugars and acid-hydrolyzable substances 
remained uniformly constant. The data arc given in table 3. There 
was a moderate decline in the starch content from May 7 to 13 which 
was recovered by May 17, followed by gradual accumulation imtil 
May 25. During the period May 2 to May 25 the total sugar content 
was about 1 percent higher than the starch content. 

Root samples of bindweed were collected at 4-day intervals for a 

} )eriod of 24 days after barley harvest. No unusual relationship was 
ound between the several carbohydrate fractions (table 3), as a result 
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of the grain crop growing with the bindweed, nor did any striking 
changes take place after the barley was harvested. 


Table 3. — Variations in carbohydrate content {^percent) of bindweed roots expressed, 
on fresh-weight and dry-weight bases, 1936 
[FMauls sampled at 4-day intervals May 2 to 25 and July 8 to August I (after barl(:y harvest)! 

MAY 2 TO 25 


May 2 
May 7 
M ay ( 
May Vi 
May 17. 


May 25. 


Date 

Basis 


/Fresh weight . 

iDry weight 

/Fresh weiglit 

(Dry weight 

1 /Fresh weight 

iDry weight... 

/Fresh weight. 

ilDry weight 

/Fresh weight 

IDry weight 

/Fresh weight 

(Dry weight 

/Fresh weight 

IDry weight 

\ « 

L.. 




Reducing 

sugars 

Total 

sugars 

Star(Ji 

Acid-hydro- 

lyzable 

substances 

Readily 

available 

carbo- 

hydrates 

0. 48 

1.90 

1.22 

3. 10 

3. 12 

3.01 

11.87 

7. 00 

19. 32 

19. 47 

. (>5 

2. 19 

1.30 

3.05 

3. 55 

4. i5 

13.98 

8.(j8 

19.40 

22. (iO 

.51 

1.91 

.93 

3. 10 

2.84 

3. 30 

12. 37 

0. 00 

19. 95 

18. 37 

.05 

2. 15 

.90 

2.80 

3. 05 

4. 43 

14.08 

0. 15 

19.08 

20.83 

.59 

2.37 

1.39 

2.97 

3.70 

3. 75 

15.00 

8. 78 

18.78 

23. 78 

.00 

2.28 

1.55 

2.71 

3.83 

4.24 

10. 15 

10.90 

19.17 1 

27.11 

.(Mi 

2.25 

1.65 

2.50 

3.90 

4.48 

15.30 

11.28 

1(1.92 

28. 58 


July 8. 
July 12 . 
July 1(1 
July 20 . 
July 24... 
July 28— 
August 1 


JULY 8 TO AUGUH'r 1 (AFTER BARLEY HARVEST') 


/Fresh weight . .. 

1 . 10 

3. 33 

4. 37 

3.51 

7. 70 

1 1 )ry weight 

1 5. 80 

17. 1)3 

21.03 

10. 87 

38. (iO 

/ Fresh weight 

! l.(Mi 

.3. 03 

3. 80 

3.51 

0. 83 

(Dry weight 

5 39 

1.5. 43 

19.43 

17. 92 

1 34. SO 

/Fresh weight 

1 1.07 

3. 30 

4. 75 

3. 08 

1 8. 05 

(Dry weight 

.49 

15.20 

21.94 

Hi. 95 

1 37. 14 

/Fresh weiglit 

1 1.54 

4.28 

4.74 

3.24 

9. 02 

(Dry weight 

(i.8l 

18. 93 

20. 50 

13. 92 

45. 43 

/Fresh weight 

2.32 

5. 14 

7.71 

3. 49 

12. 85 

1 Dry weight 

9. 10 

22. 33 

33. 50 

13. 80 

55. 89 

/Fresh weight 

2. 14 

.5. 14 

7.90 

3.85 

13.04 

lOry weight-- 

8.02 

19. 95 

29. .50 

14.35 

49. 45 

/Fresh weight 

1.23 

3.90 

0.22 

3.50 

10.18 

(Dry weight 

5.24 

18.67 

20.81 

16.10 

45.48 


Two series of collections, usually at 4-day intervals, were made in 
1937 in an effort to determine the extent of carbohydrate reduction 
after one cultivation. It was also believed that such a study would 
throw some light on the problem of carbohydrate relationships in 
regeneration. 

In the first series the plot was cultivated May 4 and sampling was 
started May 1 1 , upon emergence of the first plants. A marked decline 
occurred in both the sugar and starch content 4 days after emergence 
as compared with the values at emergence (table 4 and fig. 5). This 
decline was followed by a slight increase during the next 11 days. 
From May 11 to June 3 the starch was 0.2 to 0.8 percent higher than 
the total sugars. A closer relationship between these two fractions 
was shown here than at any other place in the study. 

The first sample in the second series was collected July 29, when the 
plot was cultivated. Another sample was taken at emergence, and 
others (usually at 4-day intervals) thereafter for 24 days.. Somewhat 
the same results were obtained at this time as earlier in the season. 
The total sugar content was practically the same as in the earlier 
series but did not show as much fluctuation. The starch content at 
cultivation was about 234 percent of the early spring value and 
dropped rapidly until 4 days after emergence and was still declining 
gradually at the end of the experiment. 
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MAY JUNE JULY AUG. 

Figuke 5.- of one cultivation on the carbo]iy{ Irate conbuit of ])in<l\v(»C(l 

roots, 1937: Ay K.\])crini(*nt j)crforin<Hl in May; By c.\]H*ri incut ])crforni(*<l in 
July. Sampled at emergence and at 4-(lay intervals for a period of 21 days: 
a, Total sugar; 6, starch; c, acid-hydrolyzable substances; dy readily availabhj 
carbohydrates. 

Table 4 . — Carbohydrate content (percent) of bindweed roots after one cvllivation 
expressed on fresh-weight and dry-weight baseSy 1937 


MAY SERIES 


Date 

Basis 

Total 

sugar 

Starch 

Acid- 

hydro- 

lyzablo 

substances 

Readily 

available 

carbohy- 

drates 

May 11 

May 15 

May 20 

May 26.... 

May 30 

f Fresh weight 

IDry weight 

/Fresh weight 

\Dry weight 

/Fresh weight.. 

iDry weight 

/Fresh weight 

iDry weight 

/Fresh weight 

\I)ry weight. 

/Fresh weight 

2.78 
16.45 
1.11 
6. 97 
1.72 
8.84 
1.91 
10. 98 
1.59 
9.74 
2. 42 

3. 61 
18. .50 
1.43 
8.60 

1.92 

9.93 
2.33 

13. IK) 
1.91 
11. 60 
2.67 

3. 93 
20. 10 
79 
20.23 
4.00 
20.98 
3. 76 
21.07 
3. 43 
24. 18 
3. 17 

6. 39 
34. 95 

2. .54 
1.5. 57 

3.64 
18. 77 
4.24 
2:i. 98 

3. .50 
21.34 

5.09 


\Dry weight 

14.90 

15.75 

19. 70 

30. 65 


AUGUST SERIES 




July 29 — 

/Fresh weight 

3. 15 

8. 48 

3. 42 

11.63 

\Dry weight 

12.24 

33. 00 

13. 19 

45 24 

Aug. 7 

/Fresh weight 

2.95 

6. 75 

3.84 

9.70 

iDry weight. 

12.06 

22. 62 

15.73 

34.68 

Aug. 12 

/Fresh weight 

2.11 

4.58 

3.94 

6.69 

\Dry weight 

9.13 

17. 63 

14.15 

26. 76 

Aug. 16 

/Fresh weight 

2.54 

4. 33 

3.50 

6. 87 

\Dry weight 

11.45 

20.10 

17.01 

31.65 

Aug. 20 

/Fr^h w(4ght 

3.11 

3.87 

3.22 

6.98 


1.27 

2.87 

17.69 

3.52 

14.70 
2. 34 

18.96 

6.39 

Aug. 27 

/Fresh weight 


11.08 

2.98 

32.10 

3.53 

11.75 
3. 13 

43. 18 
6.61 

Aug. 31 

/Fresh weight 

IDry weight 

14.14 

16.75 

15.85 

30.89 
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111 ^oiiornl, llie trend of the carlioliydriites after a single enltivation 
sliowed an expected decline 4 to 10 days after cultivation with only 
moderate change for the rest of the 24-day period. It was concluded, 
therefore, that 6 intervals of 4 days each was not sufficient time for 
the plants to re(*over from the set-back brought about hj the culti- 
vation, and that subsequent investigation should be performed in a 
somewhat diflerent fashion. 

The infonnation gathered from the carbohydrate studies of 1935 
(/{>), 1936, and 1937 point also to the possibility of making total 
(*arbohydrate determinations, in certain studies at least, rather than 
attempting to fractionate the carbohydrates. 

In 1938 the study of the carboliydrate trend after one (‘ultivation 
was made in the following manner: Samples were collected but instead 
of being preserved in alcohol, they were dried by forced ventilalion 
in an oven at 70° V. Tlie dry material was tben ground to proper 
fineness and hydiolyzed witli 1+20 (i. e., 1 ml. of concentrated 
hydrochloric- acid ])lus 20 ml. of water) hydrochloric acid at 120° for 
1 hour, and determinations were made for reducing substances. 


'I'ABiiE 5. Titinl carhohijdraUs (percent) hy acid hydrolysis ’ in hindxvecd roots 
after one cuUivafioxi, expressed on fresh-weight a/nd dry-ireight bases, 1938 



i 'I'utiil oarhohvdriiti's i 


'rotiil carbohydrates 


by i\vu\ hydrolysis 


by acid hydroly.sls 


nil basis of 

Dfbr 

on 1ms is of— 


Kr'sIi 

1 >ry 1 


Fresh 

Dry 


I woiglil 

Wright I 


w«‘ight 

weight 

Jtnw xericH \ 

i 

1 

j 

Aufjnxt. xerifx 



1 

i 5. 

33. 50 

.\up. 5 

13.05 

43. (52 

July 0 . . ! 

' 2. H2 

30. 25 

Aug. 2(5 

11.20 

41. 10 

July U . j 

2. 99 

32. 82 

Sept. (5 _ . 

9.84 1 

38. 20 

July 19 1 

8. 08 

30. 75 

sci)t.2;i. - . 1 

10. 27 

38. 05 

Auk. ; 

42 

32. 20 

Oct. 1... 1 

10. m 

39. 98 

Aug. 9 1 

3. 52 

33. 90 

Oct. 8 

11.84 

42. 09 


i Analysis for total carbohydrates made l)y acid hydrolysis of dry tissue and determinations made by 
the eerie sulfate inotho<l {6). 


These data are presented in table 5. In the first series shown 
in figure 6 A the plot was sampled June 29 at the time of cultivation, 
again at the time of emergence of the bindweed, and at irregular 
intervals for about 1 month. The second scries was started August 5. 
Cultivation was unavoidably delayed until August 15, and samples 
were collected at irregular intervals after emergence until October 8. 
The carbohydrate content at the beginning of the second series in 
August (Fig. 6 B) was 244 percent of that in June. Although a 
reduction of 47 percent was found in the total carbohydrate content 
from time of cultivation until emergence in the June series, the total 
reduction in the August series was but 25 percent. Depletion con- 
tinued longer, however, at the later date, and the subsequent accumu- 
lation of total carbohydrates was relatively more rapid. 

The difference in behavior of the reserve food in the two experiments 
might be explained in the following manner: A certain quantity of 
reserve food is used for the synthesis of new protoplasts. Removal of 
food from a low initial reserve caused a greater net effect than later 
in the season when the reserve was higher. The prolonged reduction 
after cultivation observed later in the season was probably owing to 
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less favorable growing conditions. The limited growth checked the 
demand for reserves, and as a consequence the photosynthate accumu- 
lated rapidly in spite of the limited photosynthetic area. This 
accumulation then aided materially in increasing the already relatively 
large supply of reserve materials in the roots. 

NITROGEN VARIATIONS 

Studies of the organic reserves in a large number of crop plants and 
noxious weeds have been made by Aldous (f), Arny {2)y Barr (5), 
Graber et al {9)^ Grandfield (JfO, 11), McCarty {19, 20), Nelson {2Ji), 



JUNE JULY AUG. AUG. SEPT. OCT. 

Figure 6 . — Effect of one cultivation on the total carbohydrate content of bind- 
weed roots, 1938: A, Experiment performed in June; B, experiment performed 
in August. 

Pierre and Bertram {26), Welton, Morris, and Hartzler {26), and 
others. With few exceptions, attention has been directed chiefly to 
investigations of the carbohydrates. It is well known that the 
reserve carbohydrates are important factors in plant growth, but our 
knowledge relative to the several forms of nitrogen as they occur in 
storage organs of weeds is limited. It seemed, therefore, that a 
study of the various nitrogen fractions might throw some light on the 
problem of regeneration and growth in bindweed. 

Analyses were made on the 1936 and 1937 root samples for nitrogen 
content. The dry material was analyzed by the Kjeldahl {3) method 
for colloidal or protein nitrogen. Determinations were made on the 
alcoholic extract for (1) ammonia and amide nitrogen according to 
Loomis and Shull {18), (2) amino nitrogen by the Van Slyke method, 
and (3) total nitrogen including nitrates by the modified Kjeldahl- 
salicylic apid method as described by Loomis and ShuU {18). The 
data are gp^en in table 6 and shown graphically in figure 7. 
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Table 6 and figure 7 show gradual but marked accumulation of 
colloidal nitrogen in the undisturbed plants from April to October. 
Cultivation held the colloidal nitrogen around 0.25 percent with very 



Figure 7. — Nitrogen content of bindweed roots when undisturbed (A) and when 
cultivated at 2-week intervals (B), 1936: a, Amino nitrogen; 6, soluble nitrogen; 
c, colloidal nitrogen. 


little change throughout the season. The data show that cultivation 
reduced the colloidal-nitrogen content, although frequency of cultiva- 
tion appeared to have no material effect. No important changes 
occurred in the soluble-nitrogen content in either cultivated or imdis- 
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tiirbed plants. Traces of amide nitrogen and moderate quantities 
of nitrates and nitrites whicli showed no consistent variations were 
found. 


Table 6. — Seasonal variations in nilrogeti content {percent) of bindweed rooiSf when 
undisturbed and when cultivaledt expressed on, fresh weight and dry weight bases, 
lim-37 

UNDISTUKBEl), 


Apr. 2a 
May 9 
May 25 
.Tune 8 .. 
Jiinci 22-. 
July fi 
.liily 20 


Auk. 31 
S<‘pt. 10 
Sept. 2!» 
Od. I.*) 
Od,. :«) 


May 25 
June 8 . 
June 22 
July 0 


A UK. 1 
Auk. 17 
Aug. 31 


Oct. 15. 


Sei i«‘s and dati‘ 

Basis 

(.hilloidal 

nitntgen 

Total 

soluble 

nitrogen 


iFre.sh weight _ . 

0. 27 

0. 17 


\ I )ry w'eight . 

1.07 

1.04 


( Fn‘sh weight 

.21 

. 13 


1 Dry weight--. 

1.40 

.84 


/Fresh weight . . 

. 25 

. 10 

- - * — 

\ Dry weight 

] 72 

1. 14 


/Fresh weight- - . - 

.22 

. 12 

- - - - 

\ Dry weight - 

1.51 

.85 


/Fresh weight 

.24 

.00 


IDry weight 

1.44 

.70 


/Fresh weight . - . - . 

.2S 

.11 


/Fresh weight 


. 15 


(Dry weight-.. . 

.04 

. 05 


/Fresh weight -- . 

.33 

. 17 

- -- — • ' — 

(Dry weight . 

1.45 

.70 


/Fresh wtdght . 

.35 

.21 


(Dry weight 

1.58 

. 01 


/Fresh weight. .. 

. 27 

. 17 


(Dry weight.. . 

1.27 

.81 


f Fresh weight . . .. . 

.31 

. 15 


(Dryw'dght 

1.21 

. til 


(Fresh weight 

.33 

. 12 


1 Dry weight. . 

t.3t'* 

. 32 


i Fresh weight 

.31 

. 15 


i Dry weight.. . 

I.M 

. t‘»7 


/ Fresh weight- . 

. 35 

. 17 


(Dry weight 

I.HO 

.87 


CULTIVATED, 1930 




/Fresh weight-- . . . 

0. 20 

0. 10 


(Dry weight i 

1.53 

.08 


/ Fresh weight- - . . ! 

.22 

. 10 


(Dry weight 

1.37 

1.00 


/Fresh weight 

.21 

.11 


(Dry weight -. 

1.27 

. 05 


/Fresh weight 

.20 , 

.17 


( Dry weight . 

1.01 

1.05 


/Fresh w’eight . 

.22 

.17 

— • - - ■ ■ ■ ' ■ ■ - - - ■ 

(Dry weight--. . 

1.4S 

. 50 


/Fresh W'eight . . 

, 25 

. 18 


VDry weight 

1.50 

1.10 


/ Fresh weight - 

.24 

.21 

■ - - - - 

(Dry weight 

I l.t« 

1. 11 


/Fresh weight 

.22 

. 18 

— — ■ 

U>ry weight 

1. 45 

1.07 


/Fresh weight 

.27 

, 18 


(Dry weight 

1.54 

1.02 


/Fresh weight 

.21 

.10 


(Dry weight 

1.30 

.m 


/Fresh weight 

.24 

.21 


(Dry weight 

1.04 

1.38 


Amino 

nitrogen 


0. no: 

.40 
.041 
.20 
. OHO 
.20 
. 0H2 
.54 
. 070 
.31 
. 050 
.20 
. OOS 
. 43 
. 003 
. 13 
.087 
. 3!1 
. MS 
. OS 
. 000 
.31 
. 102 
.42 
,071 
.31 
. 082 
.45 


0. 082 
.48 
. 008 
.00 
. 027 
.15 
. 008 
.41 
.071 
..33 
. 085 
.51 
. 100 
. 05 
. 0S3 
.52 
.095 
. 52 
.094 
.28 
.090 
.59 
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Table 6. Seasonal variations in nitrogen content (percent) of bindweed rootSy when 

undisturhed and when cuUivatedj expressed on fresh weight and dry weight baseSy 
1936-37 Continued 


AFTER ONE CULTIVATION, VXM 


Seri(‘s and date 

Basis 

(Colloidal 

nitrecen 

'I’otnl 
sol u hie, 
iiitrocen 

.\mlno 

nitrogen 

st scries: 

f Fresh weipht . . 

0. 25 

0. 20 

0. 089 

May 11 - . 

iDryweiKht . - 

. 15 

1.57 

. 52 


f Fresh weiKht. 

. 18 

. 10 

.042 

May 15 

1 Dry weicht - _ . . - 

1. 10 

1.07 

.20 


f Fresh weiKht . - 

. 25 

. 25 

.077 

May 20 . .. . 

ll )rv weiKht . . . 

1.30 

1.29 

.39 


f Fresh weiKht - 

.19 

. IS 

. 054 

M ay 20 .. 

1 1 )ry weiKht - - - - 

1.11 

1.07 

.31 


f Fresh weiKht . . . . - 

.19 

. 15 

.0.50 

May :{0 

1 Dry weiKht _ - 

1 1. 10 

.97 

.30 


f Fresh weiKht 

. 10 

. 10 

. 0.53 

June .» - . 

IDryweiKht - - 

. 95 

.00 

.31 

•ond series- 

/Fresh wM'iKht 

.27 

.18 

.082 

July 20 . . 

IDryweiKht 

1.03 

.08 

.31 


/Fresh welch t . — 

.22 

. 14 

.057 

7 . .. - . 

1 Dry weiKht . .. 

.91 

.00 

.23 


/Fresh weiKht. .. 

.21 

.10 

.051 

A UK- 12 - - - - 

■ 1 Dry weiRht . 

. 92 

.40 

.22 


/Fresh weicht . . 

.19 

. 11 

. 040 

Auk. 10 

IDryweiKht . 

.80 

..50 

.10 


/Fresh weicht - 

.21 

. 14 

. 049 

Auk- 20 .... 

- - iDry weicht . . 

.IK) 

.57 

.20 

A . o- 

/Fresh weicht . 

.20 

. 10 

. 040 

.auK- 

* II >ry w<‘iKht . 

.89 

. 45 

.21 

.\uK.:il . - . 

f Fresh weicht 

. 19 

. 12 

. 002 

1 1 )rv weiciit 

.92 

. 57 

. 29 


Th(‘ most fluctuations were fouiKl in the roots eollected 

at 4-clay intervals after one cultivation. The soluble nitrogen content 
of the early-season (first) series (tables (> and fig. 8) was relatively 
high, having a value at the time of cultivation slightly above the 
colloidal nitrogen in the residue. The marked drop in both colloidal 
and soluble nitrogen is important and can be accounted for by the 
rapid utilization of nitrogenous compounds in the quick growth of the 
plants at that time of the year. The plot from which these samples 
were collected was cultivated on May 4 and showed profuse emergence 
on May 11 when the first sample of the series was collected. The 
marked fluctuation in percentage of colloidal nitrogen and total 
soluble nitrogen from May 1 1 to 20 is not understood. It seems quite 
probable that the initiation of new shoot growth would stimulate the 
digestion of stored proteins and thus reduce the percentage of these 
materials in the root tissue. Loomis {17) has shown that in woody 
plants initiation of shoot growth is correlated with a relatively high 
concentration of organic nitrogen compounds. 

If soluble organic nitrogenous compounds are related to shoot 
growth in bindweed, the transition of stored proteins to soluble 
nitrogen would account for the rapid drop in protein after cultiva- 
tion. Continued reduction of protein nitrogen for the next 10 to 
15 days would be expected since considerable vegetative growth 
occurred during that period. This behavior is also in harmony with 
the trends of the sugar and starch which suggest that photosynthesis 
after the new plants were well established was adequate to supply the 
carbohydrate needs for regeneration but not sufficient to allow for 
any accumulation. 
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THE EFFECT OF SODIUM CHLORATE ON THE ORGANIC RESERVES 

IN BINDWEED 

Observations made by a number of investigators (<5, H, 16, 21, 23, 
27) have shown that sodium chlorate is generally more effective as a 
weed killer when applied late in the summer and fall than at any time 
earlier in the growing season. Unpublished results of experiments at 
this station with whitoweed suggested the possibility that the effect of 
sodium cliloratc could be increased by making applications subsequent 
to cultivation. It was assumed that the stimulation of physiological 
activities by cultivation would have an initial effect of reducing the 
reserve food. If, then, sodium chlorate wore applied, the net result 



MAY JUNE JULY AUG. 

Figure 8. — Effect of one cultivation on the nitrogen content of bindweed roots 
1937: A, Experiment performed in May; B, experiment performed in July: a 
Amino nitrogen; 6, soluble nitrogen; c, colloidal nitrogen. 

should be greater than either treatment alone. It was further believed 
that the application of sodium chlorate previous to cultivation prob- 
ably caused the plant to become temporarily dormant which accounted 
for the observation that apparently better results were obtained by 
the addition of sodium chlorate subsequent to cultivation. 

It seemed, therefore, that experiments designed to study the root 
reserves as affected by sodium chlorate applied to cultivated plants 
at various dates through the year might yield results which would be 
of value in developing a plant of control. 

Several plots were selected which were uniformly infested with 
bindweed. A series of treatments was arranged so that sodium chlo- 
rate was applied to one plot June 1 ; another plot was treated Juljr l ; 
another August 1, and so on until the middle of September. A similar 
series of cluorate treatments was made on plots cultivated at weekly 
intervals during the same period. Samples were taken when the 
chlorate was applied and also 1 month after its application. This 
arrangement provided a plan for the study of the root reserves as 
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affected by sodium chlorate when applied at various dates during the 
season and also of the effect of a combined treatment of cldorate and 
cultivation. 

Results of analyses showed that the carbohydrate content was held 
to a lower value by cultivation alone than by application of sodium 
chlorate alone. The data of tables 7 and 8 show also that sodium 



LJ UJ > . . . 

2Z -iO OO Oh- h- 

Z>D Z)3 Z>3 30 O 

-D-)-3<<<<00 

Fkj. 9. — Carbohydrate content of bindweed roots as affected by date of appli- 
cation of sodium chlorate to undisturbed and to cultivated plots, 1936: 
Undisturbed; B, cultivated. 

chlorate was relatively less effective (in reducing the carbohydrate 
reserve) on cultivated plants than on those wliich were undisturbed. 
The data are shown graphically in the histogram of figure 9. It may 
be concluded from these data that the application of sodium chlorate 
to bindweed under clean cultivation resulted in no important reduction 
of carbohydrate content beyond the decline obtained by clean culti- 
vation. 
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Table 7. — Effect of combined treatment with sodium chlorate and cultivation on 
the carbohydrate content percent of bindweed rooiSy expressed on fresh-weight and 
dry-weight bases y 1936 


SAMPLED AT TIME OF TREATMENT 




1 

1 Undisturbed i)lants 

Cultivated plants 

Date 

liasis 

Total 

carbo- 

hydrates 

Ucadily 

available 

carbo- 

hydrates 

' " 

Total 

carbo- 

hydrate.s 

Readily 

availalde 

(rarbo- 

hydrates 

June, 1 

fFresh weight 

9. 46 

0. 06 

6.45 

3. 65 

U)ry weight 

54. 34 

34. 96 

40. 57 

21.87 

July 6 

[Fresh weight . 1 

9. 76 

6. 56 

5. 27 

2. 87 

\Dry weight. _ j 

51.39 

34.81 

35. 46 

19.01 

Aug. 1- . 

f Fresh weight-- i 

13.66 

10. 16 

6. 13 

I 3. 73 

U)ry weight 

JM). 58 

45. 48 

43. 52 

! 26. 22 

Aug. 31 

thresh weight 

1.3. 97 

10. 77 

7. 25 

4. 15 

1 Dry weight 

69. 29 

54.31 

42. 3f) 

24. OS 

Sept. 16. - - 

/Fresh weight 

16. 46 

12. 76 



U)ry weight-. 

63. 62 

49. 22 



Sept. 29 

[Fresh weight.. — _ 

1 Dry weight 

18. 27 
75. 1 1 

14.27 
.58. 59 



Oct. 30 . 

[Fresh weight 

iDry weight 



5. 87 
35. 22 

2^32 

13.92 


SAMPLED 1 MONTH AF^I'EU THE ATMENT 


June 30 

[Fresh weight 

6. 52 

3. 32 

6. 44 

3.71 

iDry weiglit 

30.71 

20. 76 

42.94 

2 4. 39 

Aug. 6.. 

[ Fre.sh weight 

8. 64 

5. 71 

5. 48 

3. 38 

VDry weight - 

.52. 02 

34. 17 

45. 31 

28. 06 

Aug. 31 

[ Fresli weight . . _ 

.s. 51 

4.91 

5. 52 

3. 12 

1 Dry weiglit . . 

41.99 

24. 4 1 

16. .55 

30. 63 

Oct. 1 . . 

[Fresh weight 

11.55 

8. 25 

.5.81 

3 (11 

iDry W'oight 

5.5. '16 ; 

39.69 

38.91 

20. J2 


[Fresh weight .. ... 

1 2. .52 ' 

8.82 




\ 1 .. I*! 

1 Dry weiglit i 

.59. oT 

42.06 

1 :: 


Ocl . 30 

[Fre.sh weiglit j 

13.52 

10. 82 

1 ■ 1 

1 - ... 

\ Dry weiglit 

73. 05 

58. 15 




^J'able 8. — Effect of combined treatment with sodium chlorate and cultivation on the 
nitrogen content {percent) of bindiveed rootSy expressed on fresh-weight and dry- 
weight basesy 1936 


S A M 1' E D A T TIM E O F TU E ATM E N T 


Date 

Basis 

Undisturbed plants 

( cultivated plar.ts 

Colloidal 

nitrogen 

Soluble 

nitrogen 

Colloidal 

nitrogen 

Soluble 

nitrogen 

June]. 

[Fresh weight... 

0. 21 

0. 20 

0. 23 

0. 15 






July 6 , 

[Fresh weight. 

.28 

. il 

.21 

!2I 

IDry weight 

1.51 

..59 

1.45 

1.41 

Aug. U. 

[Fresh weight- 

..33 

. 17 

.21 

. 15 

IDry weight 

1.45 

. 76 

1.48 

1.13 

A 11CF 

[Fresh weight 

.22 

. 15 

.21 

. 14 

oX., . « - 

IDry weight 

1.26 

.71 

1.25 

. 86 

Sept. 10 

[Fresh weight - 

.31 

. 15 



IDry weight 

J.21 

.61 




[Fresh weight. 

.33 

.07 



Sept. 29 - 

IDry weight 

1.36 

.32 




[Fresh weight 



'24 

. 16 

Oct. 3 

tDrv 



1.54 

1.00 

1 

V A./i y M ^ 




SAMPLED 1 MONTH AFTER TREATMENT 


June 30 

[Fresh weight | 

0. 27 

0.28 

0. 23 

0. 52 

IDry weight i 

1.61 

1.65 

1.56 

3. 74 


[Fresh weight 

.27 

.16 

.17 

.14 

Aug. D 

IDry weight 

1. 61 

.96 

1.35 

1.19 

Aug. 31 

[Fresh weight.. 

.31 

.16 

.20 

.17 

IDry weight - 

1. 84 

82 

1.31 

1. 12 


[Fresh weight 

.37 

.20 

.20 

.08 

Oct. 1 

IDry weight 

1. 76 

.97 

1.34 

.58 

Oct. 15 

[Fresh weight 

.39 

.19 



Oct. 30.-...- — 

IDry weight 

[Fresh weight- . — 

1. 80 
.33 

.89 

.11 



wfiighf. 

1.74 

.61 






1 
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Tlie general ireiul of the organic reserves in the chlorated and culti- 
vatc(J plants was essentially the same for 1937 as for 193(1. 

Estimated regrowth based on observations made in June 1939 
indicated that from 50- to 75-percent eradication was obtained on 
uncultivated plot® by the application of sodium chlorate in June, 
July, or August 1938 while 88- to 92-percent eradication was obtained 
by the September ireatments. Approximately 05- to 75-percent 
eradication was obtained by the application of sodium chlorate in 
June, July, or August to cultivated jdots, and 95 to 97-percent when 
applied in September. 


TABTiE 9 . — of comhinvd treaime.nt with sodium chloraie and cultivation on the 
carbohydrate content (percent) of bindweed roots^ expressed on fresh- weight and dry- 
weight , 


Date of cultivation 
and chlorati! treatment 

T)5d.c 

of 

sami)linR 

Basis 

Reduc- 

ing 

sugars 

O'otal 

.sugars 

Starch 

Acid- 

hydro- 

lyzable 

sub- 

stances 

Readily 

available 

carbo- 

hydrates 

Cultivated 

'I'reatcMl 



. . . 

[Fresh weiRht-- 

0 . r>4 

1.20 

0. 01 

3. 18 

1.81 

Mav Mi and June 7 . 

ATav 10 


Dry weiRht 

3. 83 

8. 40 

4.31 

22.41 

12. 71 

None . 

do 


Fresh weipht . 

. r,u 

1.00 

1.03 

3.43 

2. 74 




Dry weipht .. 

3. 07 

11.34 

7. IM) 

22. 0.3 

18. 34 




Kre.sh weijrht 

1.17 

2. 42 

.80 

3. 07 

.3.31 

May 10 niid June 7 . 

JuiK' 10 


Dry weiRht .. 

7.27 

15.03 

5. 50 

22. 8f) 

20. .50 

None 

...do . . 


Fre.sh weight. 

. 52 

1. 00 

1.04 

3.77 

2. 1.3 




Dry weiRlit . . 

3. 25 

0. 84 

f). 50 

23. (H) 

13. 34 




Fresh weight 

2. 23 

10. 53 

2.01 

3. 40 

12. .54 

May 10 and Jum' 7 . . 

July 0 


, Dry weight . 

10. 14 

47.00 

0.12 

15.70 

50. 78 

None 

..do ... 

1 «> 

Fresh weight . 

2. 00 

5. (H) 

3.18 

3.28 

8. 18 




Dry weight . . 

11.00 

27. 08 

14.53 

14. 05 

42. 51 




’Fre.sh weiglit . 

1,8() 

8.04 

2. 5J) 

3. 22 

11.23 




Dry weight - . . 

7.r4 

40. 44 

12. 15 

15.07 

52, 50 

May 10 and Juno 7 . 

A UR, f) 

1 

Dry weight... 

2. 14 

5. 75 

1.81 

2. 00 

7.50 

None - . 

do 

loct 22 

Dry weight . . 

11.31 

30. 20 

0. 02 

15.82 

30. 01 

May 10 and June 7 . . 

Se|)t, 23 


Fresh w'eight 

.83 

5. 24 

1. 11 

2. 73 

0. 35 

None. 

..do... .! 

1 j 

Dry weight 

4. 18 

20. 43 

5. 50 

13.75 

32. 02 




Kresii weight . 

. Of) 

0. 88 

.57 

1.00 

7. 45 




vDry weight . 

5. 40 

30.31 

3. 28 

11.40 

42. 50 


' Cnrf)<jh.v<lnil.<*s (IcIcrmifKul hy uso of ceric sulfaff C»). wcr<» |jik<*n al. f lic lime oi Ircutmciit 

and I mont h after irmt iiuml. for Uie (irst 2 months; no samjiles were taken foUowinti the July, Aut-uist, and 
Sept.einher treatments until the end of the season in October. 


Table 9 shows the reducing sugars, total sugars, starch, and readily 
available carbohydrates. It should be noted that samples were taken 
at the time of treatnuMits and 1 month after treatment for the first 
2 months, while no samples were taken following the July, August, 
and September treatments until the end of the season, in October. 

Results of experiments for the 3-year period 1930 38 consistently 
showed no important reduction of carbohydrates when attempts were 
made to weaken the ])lants by ])retrea tin cuts of cultivation before 
applying chlorates. This is in accord with the observations made by 
Oafts (H) on resprouting of bindweed after lioeing and various herbi- 
cidal spray treatments. 

Analysis of the dry residue for total nitrogen and the alcoholic 
extnict for total soluble and amino nitrogen failed to give results indi- 
cating that nitrogen was significantly affected by a combined chlorate 
and fallow treatment. 

RESERVES IN BINDWEED ROOTS AT END OF SEASON 

In table 10 and figure 10 are shown reducing sugar, total sugar, 
starch and acid hydrolyzable values of bindweed roots collected at the 
end of the 1936 growing season from plots which were (1) undisturbed. 

235081—40 4 
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(2) cultivated all season at emergence, and (3) cultivated 3, 6, 9, 12, 
and 15 days after emergence. The starch content of undisturbed 
plants was over 700 percent of that of plants cultivated at emergence. 
The sugar content on the other hand in the undisturbed plants was 
onlv 360 percent of that found in the plants cultivated at emergence. 
Cultivation reduced the acid-hydrolyzable substances and hexose 
sugars only moderately, as would be expected since the acid-hydrolyz- 
able materials do not constitute a readily available reserve and hexose 
sugars are present only in small quantities. Although more frequent 



AT EMERGENCE CULTIVATIONS AFTER EMERGENCE 


Fifl. 10. Carbohydrate content of bindweed roots when undisturbed and wlien 

cultivated at emergence and 3, 0, 9, 12, and 15 days after emergence, 1936, 
sampled in Octol)er: a, Reducing sugars; b, total sugars; c, starch; d, acid- 
hydrolyzable substances. 

cultivation aided materially in diminishing the regeneration and per- 
sistence. of the weed, it seemed to have no practical advantage over 
the less frequent cultivation (6, 9, 12, or 15 days after emergence) in 
reducing the values of the various carbohydrate fractions. These 
results are in close agreement with those reported in an earlier paper 
(5). The carbohydrate content of the roots of plants cultivated to a 
depth of 6 inches showed no important variation from that of plants 
cultivated to the depth of 3 inches. Data on this problem are meager, 
but it would seem that the advantage of deep cultivation for the pur- 
pose of reducing root reserves is open to question. 

The clean-cultivation program started in 1936 was continued 
through 1937 and 1938. Emergence of the plants was somewhat 
retarded, and the time between cultivations increased for all the tests. 

By OctoW 1937 only a few scattered plants continued to emerge, 
and the quantity of roots which could be collected was so sniall that 
in some cases analyses could not be made. A small area of bindweed 
persisted, however, covering portions of two adjoining plots well into 
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the 1938 season after 3 years of clean cultivation at intervals of G 
and 9 days after emergence. Roots were collected, of which the 
analyses showed that the total sugar content was about 2.5 percent 
and starch about 1 percent. 


Table \i)~- Effect of cultivation on carbohydrate and nitrogen, content {percent) of 
bindweed roots ^ expressed on fresh-weight and dry-weight bases ^ 1936 


Whon 

Ihisis 

Re- 

duc- 

ing 

sugars 

Total 

sugars 

Starch 

Acid- 

hydro- 

lyza- 

blo 

suh- 

stancc.s 

Read- 

ily 

avail- 

able 

carbo- 

hy- 

drates 

Col- 

loidal 

nitro- 

gen 

Total 

solu- 

ble 

nitro- 

gen 

Amino 
nitro- 
1 gen 

j 

ITndisturbod - 

f Fresh weight 
iDrvweiglit . 

1. 92 
7. 91 

5.77 
23. 09 

8. 48 
34. ‘Kl 

4.02 
10. 55 

14.25 
58. 59 

0. 33 
1.30 

0. 12 
.32 

0.102 

.42 

A t omorstuu^o (3 iiiirhes) . . 

/Fresh weight.. 
tOry weight... 

.27 

1..59 

1. 19 

4. 02 

2.78 

.21 

.21 

. 02(i 
.15 


9. 26 

6. 90 

23.35 

10. 10 

1. 27 

1.20 

3 days after oiiicrpen(;o 

/Fresh weigiit 
\ Dry weight . . 

.14 

.80 

1.17 

7.02 

1. 15 
0. 90 

3. 55 
21.30 

2. 32 
13. 92 

.24 

1. 49 

. 14 
.85 

. 059 
.35 

0 days after enierfrence - . 

/Fresh weight . 
(Dry weight.. 

.20 

1.89 

1. 30 

2.81 

3. 25 

. 19 
1.52 

. 14 

. 085 

l.fiO 

15.23 

10. 90 

19.40 

20. 13 

.57 

.49 

9 days after oniergencc- . 

/Fresh weight 

.11 

.80 

1.50 

3. 24 

2.30 

.21 

.10 

. 094 

\Dry weight _ 

.00 

4.79 

9. 03 

19. 45 

13. 82 

1.30 

. 00 

.28 

12 days after emergence 

/Fresh weight 

1 Dry weight . 

. 10 
1.36 

1.88 
25. 80 

1.27 

7.00 

2. 92 
10.00 

3.15 
32. 80 

.25 

1.38 

.11 

.05 

.083 

.45 

1 6 days after emergence . 

fFresh weight 
\ Dry weight . 

.10 

.77 

1.85 
11. 50 

1.27 

7.94 

3.12 
19. 42 

3. 12 
19. 44 

. 19 

1. 18 i 

.10 

.07 

.054 

.33 

9 days after emergence (0 

/Fresh weight 
(Dry weight 

.03 

1.40 

1. 05 

3. 90 

2. 45 

.20 

.11 

. 073 

inches). 

.17 

8.25 

5. 02 

20. 80 

13. 87 

1.00 

.02 

1 .38 


The relatively high carbohydrate content clearly indiejatcs move- 
ment of food from the deeper roots, since continued clean cultivation 
for the 2-year period had allowed no photosynthesis to take place. 
The results obtained here are not to be confused or, perhaps, even 
compared with results ordinarily obtained, since this is a single 
exceptional case of persistent regrowth. The behavior of the plants 
on this small area was very unusual and unexpected even after one 
season of clean cultivation. No explanation other than a possible 
varietal difference or peculiar soil condition can be offered to account 
for the i)ersistencn of the plants on the area in (juestion. 

SUMMARY 

The carbohydrate^ and tlic nitrog(‘n content of tlie roots of bindvv(M/d 
{(hrwobmlus arvensis L.) as afflicted by various cultural metliods and 
chemical treatments were studi(Ml, and the results of (experiments 
cov('ring 3 years’ investigation are re[)orted. Data arc i)r(jsented to 
show the seasonal tiond of the reducing sugars, total sugars, starcli, 
and acid-hydrolyzable substanc(*s, for undisturbed plants and for thos(' 
cultivated 9 days after (mergcuice. The maximum reducing-sugar 
content did not (exceed about 2 percent of the fresh weight of the roots 
of undisturbed plants. Total sugars reached a maximum of about 7 
pc^rcent in late October, with a minimum value in May. 

The p(U‘centage of starch increased gradually, reaching a maximum 
in August or Septc^mber, follow('d by a sharp decline conicident with 
a rapid increase in percentage of total sugar. This behavior suggests 
the shift of polysaccharides to soluble carbohydrates which commonly 
occurs in plants during the cold season. Cultivation of the plants at 
2-week intervals held the total sugar and starch content each to about 
1 percent. The readily available carbohydrate accumulation in the 
roots of cultivated plants was reduced to* 2.30 percent, which was 16 
percent of that of undisturbed plants. 



412 Journal of Agr icultural Research 


Vol. (50, No. (5 


On(> cultivation the first part of May 1937 reduced the sugar and the 
starch cont(»nt to about 2 percent each, while cultivation the latter 
part of July reduec'd the starch content almost 50 percemt without any 
important eflVet on the total sugars. Similar experinunits in 1938 
showed comparable r(‘sults, indicating the advantage of early fallowing. 

The colloidal nitrogen in the roots of the undisturbed plants showed 
gradual increase' from May until the last of October, Cultivation 
ch(>ck(xl this accumulation. The total soluble, amino, amide', nitrate, 
and nitrite* nitrogen fractions showed no consistent variations. On 
the basis e)f the results obtained for total nitroge'U and nitroge'ii 
fraction eletenninations it would appe'ar that the importance of nitro- 
gen in a stuely of root re'serves in binelwe'eel is e)pen to epie'stion. 

The carbohydate conte'nt was helel to a lower value* by cidtivation 
than by application of sodium e'hlorate*. 

A ce)mbined tre'atment of sodium chlorate feJlowing early-season 
cultivation el id not incre'ase the e'ffectiv^eness of the chlorate in reducing 
the carbhoyeirate* re'se'rve*. 

Fall applications of sodium e'hlorate to une'.ultivateel plants we're 
relatively more ('ffective* than e'arly applications in re'ducing the re)e)t 
re*s(*rves and in controlling the we'cel. 

Plants cultivate'd syste'inatically ejl se'ason at e'lnergemce, and 3, 6, 
9, 12, or 15 days after emergence* were* uniformly low in starch con- 
tent, 1 to 2 perce'ut, as eletermine'd by taka-el iastase eligestion. The 
data showe'd that cultivating at e'merge*nce had essentially no greater 
e>ffect than the le»ss fre*(juent cultivations in reelucing the carboliyelrate 
contemt of bindweed roots in the top foot of se>ii. 
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DIAMETER RELATIONSHIPS OF WOOL FIBERS FROM FIVE 
BREEDS OF SHEEP RAISED IN SOUTH DAKOTA ^ 


By Barbara Bailey 2 

Remtrch assititanl in home economics^ Sou III Dakota Agricultural Experiment Station 

INTRODUCTION 

Average fiber diameter, its variability, and fiber eon tour are impor- 
tant factors in the grading of wool liber aiul fleeces, inasmuch as the 
present wool-grading system is based on liber diameter. While aver- 
age diameter may indicate, in general, the grade of wool, the calcula- 
tion of the deviation from (he average is required to evince uni- 
formity of fleece or sample. The third fa(‘l()r mentioned, fiber con- 
tour, has be(Mi pointed out by Barker (Sy ])p. 169-179) as influencing 
the spinning qualities of wool fiber. 

As part of a study of fabric's manufactured from wool from five 
breeds of sheep raised at the South Dakota Agricultural Experiment 
Station, fiber studies have been conducted on samples from three 
locations on each fleece. Tho. results of these studies are reported 
herein. The details of sampling are given in the section on methods 
and materials. 


REVIEW OP LITERATURE 

Measurements of fiber diameter have been made by three methods: 
Tlie weight-per-unit-length, the caliper, and the optical method. 
Krauter {10) in a paper published in 1929 presented an extensive 
review of the methods which had been used up to that time. Roberts 
{12) discussed in detail the weight-per-umt-length method which 
depends upon the fact that wool liber practically always has the same 
specific gravity. Burns and Koehler (6) and later Burns (5) described 
the use of micrometer calipers for determining fiber diameter. 

The optical methods which are now generally employed are of two 
types. The first, which was developed by the Wool Industries 
Research Association in England, is now recognized as official by the 
Inteniational Wool Textile Organization. In this case a small number 
of fibers ai'e cut into very short lengths throughout the entire length 
of the fibers. Thus the measurement takes into account any variation 
in diameter that may exist along the length of the fibers. This 
method has been described in detail, and its applications in the study 
of various British breeds of sheep are reported by Wildman {17) y 
Stanbury and Daniels {16), and Wildman and Daniels {18). 

The second method, which is being widely used in the United States, 
is the so-called cross-section method and is recognized as an official 
method by the American Society for Testing Materials {2). Sidey {H) 

i Received for publication May 18, 1939. Journal Series 113, of the South Dakota Agricultural Experi- 
ment Station, Brookings, S. Dak. 

3 The author wishes to express her gratitude to Dr. F. R. immer, professor of agronomy and plant genetics. 
University of Minnesota, for his assistance with the statistical analyvses of the data; to -Barbara Wobst(‘r, 
former student at South Dakota State College, who prepared the microscopic slides; and to Dr. 8. P. Swen* 
son, associate professor of agronomy. South Dakota State College, for reviewing the manuscTipt. 
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reported a cross-section study of New Zealand Romney and Corriedale 
wools in 1931. In this case the fibers were embedded in paraffin 
and a microtome was used for preparing the cross-se(‘tion slides. 
Recently rapid cross-sectioning devices have been described by 
Hardy (Jf, and by Schvrarz (tS). The cross-section procedure for 
diameter measurements has the advantage over the International 
Wool Textile Organization method in that it is possible to determine 
fiber contour in the same operation. This advantage beconu's of 
particular im|)ortance in breeding work where it is desired to stiect- 
animals which approach the ideal ratio of 1:1.20 0^) b(‘tween tlu' 
greatest and least diajneters of the libers. It is not. possible, how- 
ever, to record the diameter at more than a limited number of points 
along the length of the lilxM*. 

An extensive study of fiber-dia-meter measurements was conductcMl 
by Bosnian (4) on South .Yfrican Merino shee[). One Ihousand 
samples were selected at random, involving 250,000 fibers. The fibers 
were cut into small clippings at S to 10 i)laces along th(» fibei* length 
and mounted, and widtJi measurements of the longitudinal clippings 
were made. Eighty percent of the samples were OO^s to lOO^s, and 
11 percent were 126 ’s to 150's. 

METHODS AND MATERIALS 

The procedure nscnl to secure the fiber-diameter nuaisurements is a 
modification of the cross-section method rtcommenth'd by tlu' 
American Society for Testing Materials (£). Samples of wool filxa* 
were takem from the shoulder, middle, and thigh at one si(lc‘ of (‘ach of 
five differemt breeds of sheep- Hampshire, Ramboiiillet, Sliropshire, 
Soutlidown, and an experimental crossl)red. '^Phevsei slieep wer(‘ 
sederted from the flock of the department of animal husbandry of 
South Dakota State College. Five sheep of the Hampshire, Soutli- 
down, and crossbreMl breeds were sampled in 1934, six of all breeds in 
1935, and nine additional crossbreds in 1938. All samph's were 
thoroughly cleaned with carbon tetrachloride and hand-carded to mix 
them thoroughly. Representative samples were ta,k('n from the 
cleaned fiber and stained witli a saturated solution of picric acid. 
Hardy's device (f) was used in preparing tlui cross-seed ion al micro- 
scopic slides. All samples were pre^pared so tliat the fibers were meas- 
ured at the midpoint of their fiber length. The cross-section mounts 
were placed on a microscopic stage set at right angles to the base, and 
by the use of strong artificial light their ijnagc's were projected onto a 
ground-glass plate placed at such a distance from the microscope that 
each fiber section was magnified approximately 600 times. Two 
hundred fiber sections were measured with a calibrated wedge at their 
greatest and least diameters at right angles to each other and to an 
accuracy of 1 micron as recommended by the American Society for 
Testing Materials (£), From these results the average diameters and 
the relationships between the two dimensions were calculated. 

In order to draw reliable conclusions, statistical methods were 
employed in the analyses of the data. The mean diameter and 
contour ratios were determined, and the standard deviation was 
calculated to furnish a measure of the variability. The analysis of 
variance as developed by Fisher (7) was used throughout this study. 
The test for homogeneity of errors was ^applied by using the 
formula suggested by Snedecor (Iff), • 
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EXPERIMENTAL RESULTS 

In presenting ilie data of the five breeds of sheep studied, it is 
recognized Unit th(> results obtaiiu'd arc not necessarily representative 
of these breeds as they exist universally. It is felt, however, that the 
data ai-(‘ us(‘ful in indicating the type of variation in fiber diameter 
and fiber contour ajnong individual sluM'p, within a breed group, 
whi(*h may be ('xpect(‘(l when working with material of a similar type. 

Th(‘> usefulness of the data for this discussion bt'conu's apparent in 
studies of tin* typ(^ for which tlu* mat(u-ial was originally intended; i. «>., 
in the study of tlu^ wool fiber used in the manufacture of (‘xperinumtal 
fabrics from fl(‘(‘e(‘s of known origin. It also serves to indicate 
difren*ne(‘s which may be (‘xp(‘ct('d in Ihwes of sh(*ep of th(‘ same breed, 
and in fl(M‘C(‘s froju sheef) of difLuvut br(‘eds. Descriptions of breeds 
and th(‘ variations to b(* found may be of aid to the wool grader. 

in tabh* 1 are list(‘d tlu' sh(*ep of each br(‘ed stndicul ami the average 
diam(‘t(U‘ ami av(‘rag(‘ contour of 200 wool fibc'rs from each of three 
locations oji each sIum^j); i. e., shoulder, jniddl(‘, and thigh. The 
variability of thes(‘ measunumaits is n'ported as tlu; standard devia- 
tions of single obs(M*vations. 

An (examination of the data, in table 1 shows that there were wide 
variations in fiber diametcT and contour Ix'twceen sheep within a 
br(‘ed, (‘V(‘n for a givcen location in the fleece. The correlation cooffi- 
cients for testing the association between th(> means and standard 
deviations for filxu’ diariK'ters within breeds at the \uu*ious positions 
on tli(‘ fl(‘(*C(* wer(‘> calculat(‘d and t(‘sted for homogeneity according to 
Rider's juethod (//) by jmains of the formula: 


wlu're 




(S(n-S)Zr 

S{n-:i) 


Z-1/2 loge 


1-r 


Th(‘se correlations were found to be homogeneous, and the average 
correlation obtained from th(‘ weightinl mean of Z was r — +0.371 
Since Z is 4.23 tilings its standard error it is highly significant, and the 
average r (0.371) must be highly significant also. 

The standard deviation of the thigh portion of the fleece was lower 
than that in th(> otluT portions of the fleece studied in tlui case of one 
each of the Rambouillcd and Sliropshire fleeces. The Rambouillet 
fle(»cc‘s were sjnalh'r, on the a,v('rage, in diameter at tlie middle portion 
than at the shoulder; and the crossbred flet'ces were very slightly 
smaller, on the average, in the shoulder than in the middle portion. 
The ShropsJure fle(*C(*s throughout the three portions were most 
uniform of the breeds studied, and the Southdown fibers were appre- 
ciably larger at. the thigh than at the shoulder and middle sc^ctions. 
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Table 1. — Average diameter j average contour ratios^ and standard deviations of 
single measurements of 200 wool fibers from each of 3 sections of fleeces from 6 
breeds of sheep 






Average 


Breed and section of fleece 

Sample 

No. 

Average 

diameter 

Standard 
deviation * 

liber- 

(iontour 

Standard 
deviation ^ 





ratio 




Microns 

Microns 




1-34 

24.71 

5. 53 

1.24 

0. 152 


J a.'i 

20. 72 

5. 94 

1.31 

.194 



26.80 

6.06 

1.23 

. 176 


2-34 

27.74 

7.09 

1.30 

. 175 

llamFJshire; 

3-36 

20. 0» 

6. 13 

1.36 

.250 

Shoulder 

' 4-36 

29. 23 

4. 59 

1.36 

.204 


3 .34 

31. 02 

4.89 

1.27 

. 149 


4-34 

.31.88 

6. 16 

1. 28 

. 166 


.6-36 

34. 00 

7.04 

1. 37 

.217 


« 35 

34. 90 

0. 24 

j.:i6 

.201 


.6-34 

.30. 89 

5. 71 

1.42 

. 2:12 

Average .. 


30. 28 

5. 991 

1.32 

. 1951 


7 ^ 1-34 

26.26 

5. 97 

1.23 

. 144 


1-35 

28. 16 

6. 61 

1.34 

.215 


2-35 

29. 97 

5. 38 

1.28 

. 194 


2-34 

29.61 

7.W) 

1. 30 

. 202 


:i-:i6 

30. 06 

6. 43 

1.46 

..313 

Middle - 

4-36 

32. 9*1 

6. 71 

1.40 

. 197 


3-;i4 

38.68 

9. 00 

1 . 3:1 

.191 


4-34 

33. 49 

6.14 

i.:ii 

.186 


6-35 

33. 64 

6 30 

J.38 

.26:1 


6-.35 

33.38 

6.11 

1.42 

.273 


5-34 

35.47 

6. 10 

1.36 

.233 



32.51 

; 6. 56 

1.35 

.224 




1-.34 

29. 20 

6. 54 

1. 27 

. 163 


1-35 

29. 52 

7. 15 

1.32 

.177 


2-35 

31.28 

6. 52 

1.34 

.189 


2-34 

37.78 

9.78 

1.40 

.241 


3-35 

38. 05 

7.97 

1.47 

.269 

Thigh. 

4-35 

36. 59 

7.98 

1.44 

.268 

3-34 

38. 46 

8.00 

1.36 

.229 


4-34 

35. 80 

7.27 

i.:i:i 

.212 


5-.^6 

37.84 

8. 99 

1.43 

.294 


G-35 

41. 10 

6.39 

1.38 

.203 


5-.34 

38. 28 

10. 42 

1.31 

. 205 

Average . 


35. 81 

8.32 

1.37 

.226 






~ 1-36 

19.82 

2. 86 

1. 26 

. 135 

Rnrnbouillet: 

Shoulder. . . 

2:35 

3 35 
4-35 

21. 26 
22. 68 
23.84 

3.88 

4.51 

5.29 

1.22 

1.25 

1.27 

. 166 
. 1.37 
.151 


.6-.35 

24. 42 

3. 76 

1. 28 

.195 


fV-35 

26. 46 

3,73 

1.33 

.202 

Average. 

- - -• 

•is’ 08 

4.07 

1-27 

. 166 



~~ 21.03 

3.33 

1.21 

.118 


2-36 

20.84 

3. 21 

1.30 

.163 

Middle- 

3- 35 

4- 35 

21.78 
21. 62 

3. 20 

5. 33 

1.27 

1.29 

.152 

.193 



5-36 

22. 53 

4.26 

1.25 

.151 


0-36 

23.66 

3. 26 

1.29 

.166 

Average 


21.91 

3. 85 

1.27 

.158 





1-35 

23.68 

3. 47 

j-- 

.135 


2-36 

24.13 

6.78 

1.25 

.164 

Thigh . .. 

3- 35 

4- 35 

22.24 

27.04 

3.98 

4.93 

1.33 

.223 


1.32 

.228 


6-35 

21.24 

4.44 

1.25 

.174 


6-35 

27.58 

3.90 

1.38 

.240 

Average , . . ... ... 


24.30 

4.50 

1.30 

. 198 




1-35 

28.24 

T~m 

1.43 

.241 

Shropshire: 

Shoulder 

2- 35 

3- 36 

4- 35 

29. 10 
30.26 
30.00 

6.80 

7.27 

6.93 

1.30 

1.36 

1.34 

.173 

.202 

.203 


5-.35 

32.60 

7.38 

1.38 

.216 


6-36 

36.60 

6.78 

1.49 

.200 

Average 


31.03 

7.05 

1.38 

.226 




1 Av«raee standard deviations were obtained as an average within fleeces by averaging the squared stand- 
ard deviations and extracting the square root. 
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Table 1 . — Average diameter ^ average contour ratios, and standard deviations of 
single measurements of 200 wool fibers from each of 3 sections of fleeces from 5 
breeds of sheep — Continued 






Average 


Breed an«l section of fleece 

Sample 

No. 

Average 

diameter 

Standard 

deviation 

fiber- 

contour 

Standard 

deviation 





ratio 




Microns 

Microns 




1-35 

32. 52 

6.24 

1.47 

0. 234 


2-35 

29.20 

6. 77 

1.31 

.233 

Middle 1 

:i-35 

4-35 

29.72 
33. 22 

7.28 

7.94 

1.32 

1.40 

. 184 
.200 



5 35 

30. 11 

7.31 

1.46 

.282 


0-35 

34.84 

7.43 

1.42 

.243 

Average 


32. 60 

7. 18 

1.40 

.242 


I i-:i5 

33.20 

7. 78 

1.48 

.202 


2-35 

29. 14 

0. 35 

i.:i2 

. 205 

Thigh. , 

3-35 

33.38 

0, r.2 

1.45 

. 275 

4-35 

Xi. 75 

7. 60 

1.30 

.211 


5-35 

;i8. 42 

7. 27 

1.47 

. 203 


1 6-35 

33. 98 

6.03 

1.39 

.238 

Average — 

... . .. 

33. 04 

7. 07 

1.41 

.244 


1 34 

20. 06 

0. 17 

1.31 

.199 


2-34 

28. 48 

0.94 

1.30 

.202 


3 34 

29. 22 

0. 50 

1. 18 

. 107 


4-34 

30. 32 

0. 46 

1.27 

.213 

Southdown: 

5-34 

30. 07 

5. 18 

1.28 

.174 

Shoulder 

1-35 

31. 05 

6.35 

1.2<» 

.183 


2-35 

31.05 

5.31 

1.20 

.187 


3-35 

31.87 

6.73 

1.20 

.102 


4 35 

33. 63 

7.22 

i.;i3 

.209 


5-35 

33. 94 

0.63 

1.28 

.174 


6-35 

34.11 

0. 32 

1.27 

.172 

Average - 

- 

31.00 

0.38 

1.27 

.182 


' i-sT 

30.00 

’ 7.55 

1 . 28 

. 194 


2-34 

30. 43 

7.28 

1.27 

.170 


3 34 

:io. 81 

0.78 

1.22 

.136 


4-34 

30. 62 

0.20 

1.20 

.213 


.5-34 

31.30 

1 0.30 

1. 26 

. 101 

Middle 

l-:i5 

32. 24 

0. 84 

1.31 

.232 


2-35 

31.52 1 

5. 00 

1.32 

.153 


3-35 

31.44 

7. 44 

1.29 

.174 


4-35 

30. 72 ' 

0.1)8 

1.28 

.170 


5-35 

:i2. 19 

0. 72 

1.29 

.201 


6-35 

35. 25 

7. 18 

1.25 

.107 

\ vprage - - 


31.60 

0.81 

1.27 

.182 




1-34 

33. 30 

8. 10 

1.32 

.218 


2-34 

33. 00 

8.01 

1.36 

.228 


3-34 

33. 08 

8.98 

1.20 

. 108 


4-34 

30. 78 

7.39 

1.28 

.179 


5-34 

33. 42 

8.90 

1.29 

.191 

Thigh 

1-35 

40. 00 

10. 18 

1.34 

.214 


2-:i5 

35.34 

8. 50 

1.27 

.154 


3-35 

39. 04 

11.31 

1.29 

,190 


4-35 

42. 39 

9. 42 

1.40 

.218 


5-35 

36.12 

12.27 

1.35 

.229 


6-35 

49. 95 

12.66 

1.30 

:223 

Average - - 


37. 01 

9. 77 

1.32 

.203 


i-:u 

21.13 

3. 40 

1.19 

.110 


2-:i4 

24.34 

4. 35 

1.20 

.138 


1-35 

24.43 

4. 40 

1.20 

.151 


2-35 

24.54 

4.85 

1.29 

.165 


1-38 

24.85 

4.93 

1.23 

.167 


2-38 

24 80 

4.23 

1. 27 

.119 


3*38 

20. 10 

4. 51 

1.24 

.153 

Experimental crossbred: 

3-34 

3- 35 

4- 35 

26. 55 
26.84 

0.04 

5.64 

1.27 

1.32 

.106 

.221 

Shoulder _ 

1 07 

17A 


26.93 

4. 04 

1. Zi 

• 1 lU 


5-36 

26.94 

4.62 

1.27 

.165 


4-34 

27.01 

6.80 

1.26 

.170 


4-38 

27.28 

5.88 

1.24 

.146 


5-38 

27.84 

3.56 

1.22 

.139 


6-35 

28.83 

5.54 

1.33 

.206 


6-38 

29.33 

4.81 

1.28 

.143 


5-34 

29.72 

6.18 

1.26 

1 .159 
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Table 1.- Average diameter ^ average contour ratios, and standard deviations of 
single measurements of 200 wool fibers from each of S sections of fleeces from 5 
breeds of sheep — Continued 


an<l section of 

Sam I lie 
No. 

Averape 

diameter 

Microns 
39. 39 
:io. .32 
31.82 

•Standard 

deviation 

MicroriM 

4,94 

3. 28 
3. 99 

Averape 

niMT- 

contour 

ratio 

I. 21 
1.23 
1.29 

Standard 

deviation 

0. 112 
. i,3(; 

. 193 

Exi>frlinenlal crossbred (^)nlinlled 
•Shoulder 

Avernpe . . 

Middle 

f 7-38 

8-3K 

1 9 .38 

27. 01 

23. 99 
29. 24 

29.99 

24. .34 
24. 14 
29. 23 
27. 37 
27. 08 
29. 90 
27. 40 

27. 1.3 
29. 82 
29. 12 
29. 83 
24.73 

28. 72 

27. 9.3 

28. 99 

28. 22 
31.77 

4. 99 

4.94 
4. 49 
4. 99 
4. 78 
4. 92 
.3.01 
.3, 39 
7.31 
7.04 

4. 81 
4.47 
7. 13 

4. 11 
.3. 33 
.3. 92 
3. 0.3 

5. 30 

3. 84 

4. .30 

3. 70 

1.29 

1.27 
1.22 
I. 28 
1.31 
1.23 

1.31 

1. 28 
I.IHI 

1.32 

I. 2(; 
1.31 

1. 2.3 

1.28 
1.27 

1.30 
1.27 
1.27 

1. 23 
1.21 
1.29 

. K iO 

1- 34 

2- 34 

1- 3.3 

2- 3.3 
1-38 

2 38 

3 .38 

3- 34 

3- 3.3 

4- 3.3 

4-31 
4. 38 
.3-38 
(i-3.3 
(5-38 
.3-34 

7 .38 

8- 38 

9- 38 

. 190 
. 132 
. 139 
. 178 
. 140 
. 199 
. 172 
.200 
.202 
. 199 
. 189 
.119 
. 183 
. 142 
.214 
. 149 
. 182 
.148 
.117 
. 192 

A vernp<‘ - - - 


27. 13 

.3. 42 

1.27 

. 170 


1-34 

29. 04 

9. 43 

1.31 

.219 


2-34 

31.11 

8. .39 

1.28 

. 193 


1-3.3 

31.40 

9. 93 

1.34 

. 230 


2-33 

31. 28 

9. 74 

1.38 

. 2.38 


1-38 

27. 32 

9.88 

1. 24 

. 141 


2-:i8 

27. 40 

8. 10 

1.31 

. 197 


.3-38 

28.00 

9. 90 

1.28 

. 1.34 


3-34 

32.91 

13.09 

1.33 

. 2.3;i 


3-33 

39. 92 

14. 49 

1.45 

.281 

Thiph 

4 33 

32. 95 

7 91 

1.44 

.270 


3-33 

3.3. 88 

8. 92 

1.43 

. 293 


4-.34 

32. 47 

11.48 

1.27 

. 193 


4-38 

23. 98 

7. 87 

1.28 

. 189 


,3-38 

3.3. (K) 

9. 82 

1.33 

.203 


(1-3.3 

31.98 

7. .39 

1..37 

. 2.3.3 


a. 38 

30. 44 

0. 44 

1..33 

.192 


.3-.34 

33. 74 

10. 97 

1.33 

.2:}3 


7-38 

31.. 38 

11. 17 

1.2tl 

. 193 


8-38 

34. 38 

7. 87 

1.31 

.204 


9-38 

31. 37 

3. 99 

1.81 

.HH) 

A verape 


31. .33 

8.98 

1.33 

.218 


When the ratios bc^tween the two diaiiietors of the fiber were calcu- 
lated, it was found that in most instances the values for contour were 
appreciably higher than that given by BarkcT (2) for the ideal fiber. 
This was particularly marked in the case of tlie Shropshire fleeces. 
With the exception of the crossbred, approximately half of the fleeces 
showed progressively increasing contour ratios as the average fiber 
diameter of the three portions of the fleeces increased, while in the 
remaining half there was no relationship between these two factors. 
In the case of the crossbred fleeces, two-thirds of the fleeces exhibited 
increasing rations as the diameters increased. In any one breed, 
however, the fleeces with the lowest diameters did not necessarily 
have the lowest fiber-contour ratios. 

In order to determine whether the variability of the fiber diameter 
or contour mpasurements for separate locations on the fleeces of in- 
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dividunl sheep within a breed were honio^eiKHius, the t<>st for homo- 
^('iieity of errors, given by Snedecor was appli(>d to the data. 

The results are giv(‘n in table 2. 

"fABr.K 2 ~ Analyse H of errors of diameler and countour measurements for the different 
breeds of sheep by means of the. x’ lest for homogeneity 


Kihor nicasurt'invnts {ind hm‘<l 

I>oirrot^s of 


X- f<)r— 


freedom 

1 

Shoulder 

Middle 

ThiKh 

Diiunctor: 





Hainpsfiirv 

10 

1 or.. 91 

1 118.02 

* 120.92 

KiiiTib(Uiill(‘t _ _ . 

r> 

1 815. 10 

> 122.7.') 

> 08. 77 

SliropsJiiro 

r, 

2. r);! 

12. 91 

s 14.44 

Soiithfiowii . . 

10 

• M. 80 

1 20. 82 

J 140.0,3 

ExporirncritMl ( rosshrod . . _ 

‘ontour ratios: 

19 

• 180. 9:1 

1 209. 74 

1 039. 99 

Ilami)shin‘_ .. 

10 

1 109. r.? 

> 190. 03 

• 138. 42 

RanibouilU'l . , 

r> 

> 01. M 

1 44. 00 

1 83.71 

Sbropshin* . - 

5 

1 84. a;! 

> 20, 

> 27. 48 

Southdown. _ . 

10 

' 81.. ')4 

* 124. .M 

J 01.01 

Exporlniontal crossbri'd. .. 

19 

> 211). 01 

1 ir.r,. 7 .^. 

1 249. 01 


' Kxrccds Uu* l-|M‘rf(*Tif lovcl of siirniflcanco. 
- Fl\m>(is the ri-porconl level of significance. 


li is seen that when applied to the error varianees of the diameter 
measurements, is sijrnificant in idl instances ex(‘ei)t at the shoulder in 
the Shropshire breed. The fleeces representing the Shropshire breed 
were the most homogeneous, and those of the crossbred the most 
lietei’ogeneous. In the Southdown breed considerably greater varia- 
tion was found in the thigh than in the shoulder and middle portions 
of the fleeces. 

When the x" applied to the error variances of the contour 

measurenHuits of these same fleeces represented by the same fibers 
as were measured for diameter, the results again indicated that all of 
the fleeces representing (»ach breed were hetc^rogeneous. If all of the 
breeds are considered, it is noted that no one portion of the fleeces 
was more homogeneous than the others throughout the series. In 
two of the breeds the thigh sections were most homogeneous; in two 
others, the middle; and in the fifth breed, the shoulder sections of the 
fleeces. 

It is apparent that variability between both fiber diameter or 
contour measurements of difl’erent shec]) within a breed was greatei* 
than could be explained by chance, wlien 200 fibers weie measured 
at a. given location, except for diameter at the shoulder [)ortion of the 
Shropshire breed, where only six slieen wen' involved in the test. 

In the (calculations of analyses of variance, homogeneity of the 
errors of the source material is assumed. As is shown in table 2, the 
fleeces of the five breeds studied did not exhibit this characteristic. 
Since, however, the data on homogeneity are the only ones which were 
available to describe the breed, they have been employed for the 
analyses of the diameter and contour measurements of the sheep 
within breeds. It was recognized, however, that the variability of 
the individual fiber measurements of diffenmt sheep was not of a 
homogeneous nature. In table 3 are shown the mean s(juares for 
sheep and fibers within fleeces (error) of the diameter and con t our 
measurements. DifTerences between fiber measurements of the sheep 
ydthin a breed were highly significant in all instances. 
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Table 3 shows that in the case of the mean square values for varia- 
tion due to error, the values for the diameter measurements increased 
in progressing from the shoulder to the middle to the thigh in the 
Hampshire, Southdown, and crossbred breeds. The errors were 
lower in the middle portions of the Rambouillet, and practically the 
same in the three sections of the Shropshire breed. Because of the 
differences in mean square values for the various portions of the several 
breeds, it is not possible to group them and report one value as char- 
acteristic of the Dreed. The only instance where it would be possible 
to report one value for breed is in the case of the Shropshire. 

The same type of relationships between the errors of the shoulder, 
middle, and tfiigh sections of the various breeds is found in the fiber- 
contour ratios, also shown in table 3. 


Table 3. — Analyses of variance of the diameters and contour ratios of wool fibers 
from 5 breeds of sheepf variability between sheep being measured within years 




Fiber diameter 


Fiber contour ratios 

Section of fleece and breed 

Variation due to 

1 sheep 

Variation due to 
error 

Variation due to 
sheep 

Variation due to 
error 


Degrees 
of free- 
dom 

Mean 
square ' 

Degrees 
01 free- 
dom 

Mean 

square 

Degrees 
of free- 
dom 

Mean 
square * 

Degrees 
0 . free- 
dom 1 

Mean 

square 

Shoulder: 

Hampshire 

Kambouillet 

9 

3,279.89 

2, 189 

35. 85 

9 

0. 75784 

2, 189 

0. 03801 

6 

1,112.00 

1, 194 

16.59 

5 

. 27286 

1,194 

. 02770 

Shropshire 

Southdown 

6 

1,437.00 

1, 194 

49.68 

5 

.90560 

1, 194 

. 05105 

9 

401. 67 

2,189 

40.69 

9 

. 56926 

2, 189 

. 03327 

Experimental cross- 
bred 

17 

1,265.00 

3,979 

24.89 

17 

. 18208 

3,979 

.02362 

Middle: 






Hami:)shire . 

Ramboiiillet . 

9 

3, 000. 78 

2,189 

43.09 

9 

.64577 

2, 189 

.05008 

5 

217.40 

1,194 

14.80 

5 

. 22482 

! 1,194 

.02514 

Shropshire 

Southdown... 

5 

1, 503. 80 

1, 194 

51. liH 

5 

1.14100 

1 1. 194 

.05874 

9 

298,56 

I 2, 189 

46. 43 

9 

.15821 

2, 189 

.03300 

Experimental cross- 
bred 

17 

708. 29 

3, 979 

29.39 

17 

. 15758 

3,979 

.02872 

Thigh:. 







llunipshiro 

Uamhouillet 

9 

:i, 520. 44 

2. 189 

04. 19 

9 

.04871 

2, 189 

.05122 

r, 

1,290. 20 

1,194 

20.21 

5 

. 02344 

1, 194 

. 03909 

Shropshire 

Southdown 

Ti 

1,739.20 

1.194 

,'iO. 04 

5 

.77920 

1,194 
2, 189 

. 0.5940 

9 

3,237.00 

2, 189 

95. 45 

9 

. .38293 

. 04108 

Experimental cross- 
bred 

17 

2, 087. 88 

3,979 

81. 42 

17 

. .32270 

3,979 

. 04710 


> All F valutJS exoiiod l-ixTcent point. 


The ratio of variation due to sheep to variation due to error (F) 
was proportionally higher for diameters than for contour. Thus, 
while in the contour studies, all of the values for F were highly signifi- 
cant at the 1-percent point, the results were lower than those found in 
the case of the diameter. The sheep varied relatively less in contour 
of fiber than in diameter. As was shown for the diameter studies, it 
is impossible to assign one value for contour as characteristic of the 
breed except in the case of the Shropshire. 

In table 4 are given comparisons of the differences between mean 
fiber diameters and mean contour ratios of the different breeds for a 
specified location on the fleece. For such comparisons the mean 
squares for sheep within breeds were used to determine the significance 
01 differences between the means of different breeds. The t test (7) 
was used for testing the significance of such differences. 



Table 4 — Mean differences ^ and their standard errors for fiber diameter and fiber contour of wool from 5 breeds of sheep clipped in 1935 
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In the case of the differences between means of ilic diameter 
measurements, the differences were found to exceed the l-percent 
point in the t test where comparisons between the Hampshire and Ram- 
bouillet and the Shropshire and Kambouillet fleeces at the shoulder, 
middle, and thic^h; the Southdown and Ra-mbouillet at the shoulder 
and thigh; the Southdown and crossbred at the shoulder and middle; 
the crossbred and Kambouillet at th(^ thigh and middle; and Ixdween 
the crossbred and all other breeds at the middle portions of lh(‘ fleeces. 
The Rambouillet and crossbred, and the Shropshire and crossbred 
were significantly dift’erent at. the 5-percent point at the shoulder, 
and the Shropshire and crossbred and th<' Shropshire* and Southdown 
at the thigh portion. 

When the contour ratios were studied, the difrerences w ere signifi- 
cant at the 1 percent point in comparisons of the Rambouillet and 
Shropshire, the Shropshire and Southdown, the Shropshire and cross- 
bred, and the Rambouillet and vSouthdow n a t the middle portion of the 
fleeces; and the Rambouillet and Shropshire, and the Hampshire and 
crossbred at the thigh. The Shropshire and Southdown and the 
Shropshire and crossbred showed significant differences between 
means at the 5-percent point at the shoulder portions; the Ham])sliire 
and Southdown, and the Hampshire and crossbred at the middle; 
and the Shropshire and Soiithdowui, the Rambouillet and crossbred, 
and the Hampshire and Rambouillet at the thigh portion of the fleeces. 

The accuracy with which the mean fiber diameter and (*ontour of a 
breed can be specified depends on two components, the variability 
among sheep within a breed and the number of fibers measured per 
sheep. To demonstrate this relationship the data of the fibers from 
the shoulder section of the crossbred sheep are employed. The cross- 
bred was chosen because a greater number of measurements were 
made for this breed and the values of the mean squares foi* error wen*, 
relatively low. The mean error variance of the breed was l,2fi5.0() 
(table 3) divided by 4,000 or 0.3103. From these data the number of 
fibers necessary to measure from each fleece, if the num))er of fle(H‘(*s 
were doubled, was then estimated (tal)lc 5). The formula used was 
one given by Immer (0). 


TABliE 5 .-- FMimaU' of nunihcr of fibers to be measured on shoulder section of cross- 
bred breed 'when mean error of breed is specified 


JVli'iisurcnicnf 


AvL*ra}.»r fibor rliann'ior . 

Avorafic fiber contour ratio . 


Mean <'rror 
lor bri'cvl 


\ .3103 
/ . (KMMH.V) 
\ .(KKK145r» 


Sheep to f»e. 
JiK'asured 


Numhrr 

20 

40 

20 

40 


FifxT.s re.- 
(piircd Iroiii 
each sheep 


Nil inhrr 
200. 0 
3. 0 
2IM1. 0 
20. 0 


The great variability between the means of the sheep compared with 
the comparatively much lower variability between fibers on the same 
sheep permits a much reduced number of fibers per sheep as the num- 
ber of sheep is increased, in describing the breed fiber characteristics. 
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SUMMARY 

The (lianieters of samples of wool fiber from fleeces representing 
five breeds of sh(M»p were ineasurcd in (M'oss section and their contour 
ratios were calculated. Wide variations in diameter between sheep 
within a breed, and, in most instances, between breeds were found. 

Contour ratios were found, in general, to be higher than the ratio 
of 1 :1 .20 given by Barker for the ideal fiber. With the exception of the 
ciossbrecl, in «i)proximately lialf of the cases fiber contour w«s found 
to iiuMiaise jiositively as fiber diameter of the various portions of a 
single fleece increased. Within a breed the lowest (‘ontour ratios were 
not necessarily found for those fleeces Imving the smallest diameters. 
In three of the breeds a majority of the fleeces showed increasing 
stiindard deviation as the contour increased. In the other two breeds, 
no relationships were found. 

tests for homogeneity of fleeces within a breeil showed that when 
200 fibers weri' nu^asured per fleece it could be demonstrated that in 
all instances heterog^meous groiqis of sheep composed the samples 
used to represent the breeds. 

In the analyses of variaru'e for the diameter and contour measure- 
ments of sheep within breeds, F was found to be highly significant at 
the 1 -percent point in all instances but one. Because of the variation 
in mean sijuare vjilues for error, it was not possible to report a single 
value for the breed, with the possible exception of the Sluopshire 
breed. 

(Calculations of the number of fibers necessary to measure to secure 
the same error for the breed were made, using the shoulder measure- 
ments of the crossbred as an exam])le. It was found that the fibers 
necessary would decrease rapidly if the number of sheep were in- 
creased. 
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EFFECTS OF LOW TOPPING AND DIASTATIC MALT EX- 
TRACT ON COMPOSITION AND QUALITY OF SORGO 
SIRUP ■ 

By C. F. Walton, Jr., senior chemist, E. K. Ventre, chemist, and S. Byall, 
associate chemist, Carhohy (Irate Research Division, Bureau of Agricultural Chem- 
istry and Engineering, United States Department of Agriculture 2 

INTRODUCTION 

Tlio present lack of nniforinity in the quality of sorgo sirup may be 
attributed to (1) the characteristic diflerences in composition of juice 
from different varieties and from different parts of the stalk, (2) the 
effect of soils and fertilizers, (3) the influence of maturity and seasonal 
conditions, and (4) the kind of equipment, procedure, and skill em- 
ployed in making the siriq). wSome of these factors have previously 
been studied, special attention having been given to the variable 
com])osition of diflenuit parts of the sorgo stalk at several stages of 
maturity ^ and the relationshi])s between the content of starch, sucrose, 
and reducing sugar and the jellying and crystallizing characteristics of 
the sii’ups.^ Since the authors have reviewed the work of other 
investigators in earlier publications on this subject, there is no need 
for a detailed discussion of the literature here. 

Briefly, it has l)een found that sirups made from the u])per part of 
the sorgo stalk usually contain a greater percentage^ of standi, sucrose, 
mineral matter, and acidity, in proportion to dissolved solids, than 
do those made from the rest of the stalk. Results reported previously 
also show that the composition of the stalk varies considerably at 
different stages of maturity, the dough-to-ripe stage being considered 
best for sirup making. It has been found that starch is prin(‘ipally 
responsible for difficult filtration of the juice and for slow boiling, 
scorching, and jellying of the sirup. It has also been found that both 
sucrose and dextrose crystallization occur in sirups produced from 
different parts of the stalk of several varieties of sorgo at different 
stages of maturity. 

DEVELOPMENT OF MALT-EXTRACT METHOD 

Invc'stigations of malt extracts and other commercial preparations 
containing starch-hydrolyzing enzymes were made in 1932 for the 
purpose of ascertaining what types of products of high starch-convert- 
ing activity were available commercially at low prices. In the fall 
of that year, a practicable faimi-scale method was developed for using 
malt extract of high diastatic activity on cold sorgo juice freshly 
expressed from the mill.® 

1 Rewivod for publication Mar. fi, 1940. ^ , 

2 The authors fcratofully acknowlcdRo the cooperation of Martin Nc'lson and C. K. Mcriplland. of the 
Agronomy l)cT)artmont, University of Arkansas, and also that of the late, T. R. Ricks, director, and the 
late W. R, Perkins, assistant director, of the Mississippi Agricultural Kvperimont Station, in supplying 
working facilities and in connection with the agronomic work of this investigation. 

® Ventre, Emil K., and Byall, S. distribution and variation with maturity of dissolved solids, 
SUCROSE, AND TITRATABLE ACIDITY IN THE SORGO STALK. .Tour. Agr. RcS. r>r): ,'>.'>3-562. 1937. 

4 Byall, S., and Walton, C. F.. .Tr. jellying and cry-stali-ization of sirups made fkom 

DIFFERENT PARTS OP THE SORGO STALK AT DIFFERENT STAGES OF MATURITY. Jour. Agr. RcS. SOrlSO-LIO. 
1939. 

« United States Bureaxt of Chemistry and Soils, sorghum sirup, how to prevent jellying 
AND SLOW BOILING, AND HOW TO PREVENT SUGARING. U. S. Bur. Chcm. aiui Soils Cir., 4 pp. 1933. 
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During the season of 1934, in cooperntion witli the Arkansas 
Agricultural Ex})criment Station, the use of hij?h-(liastatic malt 
extract on sorgo juice was (‘ompared with its use on the semisirup. 
A severe drought during the growing season of 1934 adversely adected 
both the yiehl and the (piality of all sorgo on the experimental plots 
The juices from all varieties contained such a high percentage of 
starch that the sirups invariably scorched in the ('vaporator before 
final density was reached, except wlien malt-extract treatment was 
applied. Incidentally, on standing overnight many of the untreated 
sirups also clabbered or jellied. Scorching, however, rather than 
clabbering, was taken as the index of the efTicacy of the starch- 
hydrolyzing treatment iii the experimental work to develoy) the best 
j:)rocedure, since scorching could be noted at once while the sirups 
were being made. The proy)ortion of malt extract used and the 
density and temj)erature of the semisirup to which it was added were 
varied until it w^as found under what conditions scorching could 
always be avoided. Similar tests were conducted on the use of malt 
extract in the juice. Control tests, in which no malt extraxd was 
used, w^ere made on aliquots of the juice from all varieties. The 
exceptionally favorable conditions under which these experiments 
were carried on, j)articularly the uniformly higli starch conteiit of 
the juices, led to the development of a satisfactory method of using 
high-diastatic malt extract that (*an be deyiended on to yield good 
results, even with sorgo of extremely high starch content. The 
methods of using malt extra(‘t on the juice and on the semisirup have 
been described recently.® The semisirup method is preferred to the 
juice method. 

The objects of the yiresent investigation were to comyiare the 
comyDosition and quality of sirups made from the wdiole and from the 
toy^ped stalks by a standard procedure wdth those of siruy^s made by 
the process in which high-diastatic malt extract was used, and to 
evaluate the benefits of the low"-toy:)y)mg yirocedure in comyiarison and 
in conjunction with tliose obtained by the use of high-diastatic malt 
extract. 

MATERIALS AND METHODS 

The research wuis conducted in cooy>eralion with the Mississijipi 
Agricultural Experiment Station, eight varieties of sorgo grown by 
the station being utilized for this work. In general, each variety was 
harvested at two or three stages of maturity, and siruy) w as made from 
the wdiole stalks and from the topped stalks by a standard method, 
as a control, for comparison with sirups made by modifications of the 
standard yirocedure. In collecting the topped-stalk samples of sorgo, 
from two to four of the uy^per joints below^ the peduncle, dey)ending 
on the length of the stalk, were discarded. 

The equipment and procedure designated as standard have been 
described in a previous publication^ In yiroducing sirups by the 
standard method the juice was allowed to settle for 2 hours and was 
then decanted and boiled, with continuous skimming, to the density 
of finished sirup. The second series of samples was made by the same 
procedure, except that evaporation was discontinued when the density 

« Walton, C . F., Jb., Ventre, E. K., and Byall, S. earm production of sorgo sirup. XT. S. Dept. 
Art. Farmers* Bui. 1791, 40 op., illus. 1938. 

^ Walton, C. F. Jr., and Ventre, E. K. evaporator fob research on sirup manufacture. Tnter- 
natl. Sugar Jour. 39: 430-431. 1937. 
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reached 20° Bauine, measured at close to the boiling temperature, and 
the semisirup wns allowed to settle overnight, after which it was 
returned to the evaporator and evaporated to final density, wdth the 
usual careful skimming. In making the third series of samples, the 
liigh-diastatic malt-extract method previously developed for treating 
the semisirup was used. 

Duplicate samples of the finished sirup were filled wdien hot, direct 
from the evaporator, into 4-ounce screw-top bottles. Soon after the 
end of the siruji-making season they were analyzed for density, 
sucrose, invert sugar, ash, and starch. After standing for over a 
year, they were examined also for flavor, color, turbidity, clabbering 
or jellying, and crystallization. 

RESULTS 

The analytical data and observations regarding tlie quality of the 
sirups are given in table 1 . The percentages of the components 
mentioned are all expressed as percentages of the w^eight of solids 
determined at sirup density by refract ometer. 


Table Effect of topping and method of inanufacture on the quality of sirups 
made from different varieties of sorgo at different stages of maHirity 

81T.VEK TOP (DOlJOH-'I'O-RirE) 




Composition of the sirup solids J 


Part of stalk i 

IVL'thod of makinfi 


KeduciiiK 



Observations 

used for sirup j 

siruj) 


su::ar.s 





Sucrose 

expressed 
as invert 

Ash 

Starch 


i 



susrar 






Percent 

Percent 

Percent 

Percent 


Tofjs . . ^ 

Standard . . 

hi. i:t 

28. .52 

2.28 

1. 57 

.Tellied. 


f . do 

.52. 70 

42.05 

2. 20 

.07 

Very cloudy. 

"Whole stalk 

Jsemisirup settled 

4(>. 80 

4.5. 97 

2. 30 

.IK) 

Do. 

IMalt extract used on 

49. 72 

4.5.09 

2. 23 

.38 

No jelly int? and settled 


1 s(’iiiisirup. 





clear. 


[Standard 

r.7. 

38.15 

2.10 

1.02 

Very cloudy. 

Topjied sUilk- - .i 

JSemisinip settled . . 

r,7. 32 

39. 88 

1.90 

.77 

lb). 

IMalt extract u«5cd on 

57. 28 

38. 12 

2. 14 

.22 

S(‘ttled clear, with no 

1 

1 seniisirup. 





jellying. 


SILVER TOI 

(OVEKRll’E) 




[Standard.. 

07. 40 

31.75 

1.90 

LOO 

Very cloudy. 

Whole stalk.. . 

Seniisirup settled-. 

Malt extract used on 

00. 08 
.58. 01 

3.5. 01 
37. 59 

1.90 

1.83 

l;i8 

.34 

Do. 

Settled clear, with no 


seniisirup. 





jellyiiicr. 


Standard. 

,54.07 

40. 02 

1.70 

1.11 

Very cloudy. 

I’oppcd stalk. 

Semisirup settled 

Malt extract used on 

.5,5. L5 
54.11 

38.01 

41.73 

1.85 

1.68 

1.24 

.23 

1)0. 

Settled fairly clear, with 


seniisirup. 





no jellying- 


RED 

X (DOUGH-TO-RlPEi 



Tops 

Standard 

00.35 

20. 94 

4. 03 

2.08 

Jellied. 

do - 

08.28 

23. 16 

3. 15 

1.92 

Do. 

Whole stalk • 

Semisirup settled - . . 

Malt extract used on 

69.20 
06. 32 

22. 44 
25. 25 

3.09 

2.88 

1.83 

.40 

Doi 

No jellying, and settled 


semisirup. 





fairly clear. 


[Standard - 

08. .54 

22.80 

2. 83 

2.03 

Jellied. 

Topped stalk--. - 

Semisirup settled 

Malt extract used on 

70. 00 
60.54 

23,93 

26.11 

2. 84 
2.67 

1.49 

.82 

Do. 

No jollying, and settled 


seniisirup. 





fairly clear. 


‘ Solids determined by refractometcr. 
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Table 1. — Ejfect of toppmg and method of manufacture on the quality of sirups 
made from different varieties of sorgo at different stages of maturity — Continued 

LEOTl RED (DOUGH-TO-RIPE) 




Composition of the sirup solids 


Part of stalk 
used for sirup 

Method f)f making 
sirup 

Sucrose 

Reducing 
sugars 
expressed 
as invert 

Ash 

Standi 

Observat ions 




sugar 






Percent 

Percent 

Percent 

Percent 


Tops 

Standard 

f’4.7.') 

22. .30 

3.91 

2. 84 

Jellied. 


{ do ... 

49. 12 ! 

40. 78 

2. .5f> 

2. 1.5 

Do. 

Whole stalk 

JSemisirup settled 

IMalt extract used on 

44.85 
47.20 j 

49. .57 
41. 00 

2. .57 
2.31 

i.;io 

.21» 

Do. 

No jellying. 


\ semisirup. 

Standard 

42.23 1 

48. 20 

2,04 

1.40 

.rellied. 

Topped stalk. -- 

■^Malt extract used on 

47.22 1 

44.82 

1.97 

.38 

No Jellying, 


[ semisiriii). 







ICEBERG (RIPE) 


Wliolt? stalk 


Topped stalk 


(Standard 

63. 06 

30.05 

1.93 

1.25 

Semisirup settled.. 

64. 63 

30.14 

1.7.5 

1.08 

Malt extract used on 
semisirup. 

64.20 

32. 19 

1.66 

.38 

[Standard. 

.53. 73 

42. 51 

1.75 1 

.65 

J Semisirup settled 

53. 00 

42.15 

1.08 1 

.88 

IMalt extract used on 
semisirup. 

51.68 

44.85 



1.76 

.30 


Much fttio prain (sucrose 
crystallization due to 
extra high density). 

Cloudy. 

No jellying; no sugaring; 
settled clear. 

Cloudy. 

Do. 

No jellying; no sugaring; 
settled clear. 


ICEBERG (OVERRIPE) 



(Standard . 

72. 30 

21.46 

2.22 

1.46 

Whole stalk 

CMalt extract used on 
scmislrur». 

69.22 

26. 01 

2. 18 

.33 


Standard 

62.09 

30. 25 

2. 23 

1.66 

Topjied stalk. 

■{Malt extract used on 
( semisirup. 

62.80 

33. 73 

2.1.5 

. 26 


Jellied solid, ^vith 2 large 
sucrose crystals on top. 
No jellying; s(*ttlcd clear: 
ro(;k*cantly cr yst alliza- 
tion. 

Jellied solid. 

No jellying; settled clear. 


KANSAS ORANGE (DOUG]T-TO>RIPE) 


Toi)s - 

Standard 

53. 28 
52.97 

34.16 
39. 97 

4.28 
2. 96 

1.28 

Jellied. 

Whole stalk. .. 

1 Semisirup settled 

43. 47 

51.08 

2.39 

1.02 

Started to j(?lly. 

IMalt extract used on 

1 .semisirup. 

42.97 

51.44 

2.29 

.36 

No jellying; no sugaring; 
very clear. 


(Standard 

67.24 

24.68 

2.17 

1.49 

Jellied, with sucrose crys- 

Topped stalk . .. 

IMalt extract used on 

1 semisirup. 

65. 23 

28.64 

2.19 

.58 

tallization. 

No jellying; very clear; 
sucrose crystallization. 


JAPANESE SEEDED RIBBON (RIPEl) 



[Standard 

28.46 

66. 69 

2.09 

0.56 

Cloudy. 

Whole stalk 

Topped stalk... 

1 Semisirup settled 

25.66 

68.57 

2.08 

.53 

Do. 

IMalt extract used on 

1 semisirup, 

(Standard . . 

1 Semisirup settled 

IMalt extract used on 

1 semisirup. 

23.98 

15.31 

18.65 

17.84 

09.60 

79.22 

77.98 

78.42 

2.08 

1.86 

1.98 

1.91 

.23 

.30 

.35 

.24 

Clear. 

Cloudy. 

Do. 

Clear and dextrose crys- 
tallization. 
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Table 1. — Effect of topping and nudhod of manufacture on the quality of siriipfi 
made from differerit varieties of sorgo at different stages of maturity- ( -oritimied 

JAPANESE SEEDED RIBBON (DEAD RIPE) 




Composition of the sirup solid.s 

Part of st.alk 

Method of making 


Reducing 



us(‘d lor sirup 

sirut) 


sugars 





Sucrose 

expressx'd 

A.sh 

Starch 




a'^ invert 






sugar 





Percent 

Percent 

Percent 

Percent 

"J'ops 

Standard.. 

43. 09 

5f). 00 

3. 50 

1.02 


- do . . 

39. HI 

.5.5, 49 

1.80 

1. 02 

Whole stalk 


.Malt (extract used on 

40.70 

53. 02 

1.84 

.32 



semisirup. 

[Stanxiard... . . 

24. 89 

04. 0.5 

1.55 

.72 

quipped stalk... 


Sernisirup settled. 

2.5. 10 

71. .51 

1.04 

.45 


Malt extract n«.(‘d on 

20. 31 

75. 34 

1. .59 

.27 



semisirup. 






Obsex va! ions 


Or)afiuc and grernish. 
cloudy. 

Settled clear. 

Cloudy. 

Do. 

Cl(‘ar. 


GOOSENECK (RIPE) 


Whole stalk 


Top] ted stalk. . 



[Standard 

51.03 1 

41.32 

2.2.5 

l.OI 


1 Sernisirup .settled j 

51.76 j 

40. 73 

2. 10 

1.03 


iMalt extract used on 

.51.90 

42. 34 

1.95 

.34 

1 

1 sernisirup. 






[Standard .. . . 

Malt extract used on 

40.99 

42.09 

52.01 ! 
52. 58 

2. 04 
j 1.73 

. 02 
. 13 

1 

1 sernisiruf). 

j 





Opatiue and very viscous. 
Do. 

Settlefl clear and low vis- 
cos it. v. 

Opaque and viscous. 
Settled clear and low 
viscosity. 


GOOSENECK (OVERRIPE) 



(Standard .. 

• Malt extract used on 

1 .sernisirup. 

.57. 95 

34. 01 

2. 40 

1.22 

Jellied. 

Wliole Stalk . .. 

.59. 17 

35. 08 

2. 22 

.37 

Set tied clear and low vis- 
co.sity. 


[.Standard 

Malt extruxit u.sed on 
[ .sernisirup. 

49.48 

43. 88 

2.30 

.97 

()pa(iue and viscous. 

'Popped stalk. .. 

1 47. 57 

[_ ^ 

40. 03 

2. 04 

.14 

Settled (‘lear and low vis- 
cosity. 


HODO (GREEN) 




20. 25 

09. 18 

2. 53 

(>) 

Slightly cloudy. 

Whole .stalk 

I Sernisirup .settled 

(Malt extract used on 

27. 18 
25. 84 

07. 36 
09. 03 

2. 49 
2. 49 

(1) 

(1) 

Do. 

Clear. 


\ .semLsiruj) 

(standard 

30. 35 

04. 53 

2. 46 

(1) 

Slightly cloudy. 

Topped .stalk. .. 

J Sernisirup settled 
(Malt extract used on 

30. 48 
30. 02 

64. 79 
6-1. 40 

2.46 
2. 40 

(') 

(‘) 

Do. 

Clear. 


1 semi.sirup 


1 J 


j 



UODO (RIPE) 




48.23 

46. 42 

2.43 

0. 25 

Cloudy. 

Whole .stalk. 

J Sem isiru p set tied .... 
(Malt extract used on 

46. (K) 
46, 60 

47.98 
47. 98 

2.24 

2.19 

. 16 
CO 

Slightly cloudy. 

Clear. 

Topped stalk.. . . 

1 semi.sirup 

[Standard I 

J Sernisirup .settied 

48.23 

47.13 

45. 82 
4fi. (>6 

2.38 

2.36 

. 15 
. 11 

Slightlv cloudy. 

Do. 

[Malt extract used on 

1 sernisirup 

47.30 

46.94 

i ' 

2. 36 

(') 

j Clear. 


IIODO (OVERRIPE) 


Tops 

Whole stalk. 


Topped stalk... 


Standiird ... 

do 

Seraisirup settled. 
Malt extract usei 
semisirup 

Standard 

Semisiriip settled 
Malt extract use' 
. semisirup 



40.20 

53.21 

3. 47 

0. 34 

Very cloudy. 


52. 78 

41.84 

2. 65 

.20 

Cloudy, 


49.11 

45.06 

2.60 

. 12 

Do. 

on 

49. 31 

44.98 

2. 56 

(0 

; Settled clear. 


46.13 

47. 94 

2. 26 

.08 

Cloudy. 


42.23 

52.17 

2.25 

.08 

Slightly cloudy. 

on 

42.35 

52. 33 

2. 19 

(0 

Clear. 


> Negative. 
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DISCUSSION 

Some of the samples exluhited sucrose crystallization when the 
sucrose content was apj^roximately 65 percent, or higher, and the 
density was hi^dier than 78° Brix, while one with high invert sugar 
content showed dextrose crystallization. As the sirup samples varied 
somewhat in dejisity, however, little attention was given to crystal- 
lization, either as a varietal characteristic or as related to the com- 
j)osition of the sirups. 

Most of the sirups with a starch content of 1.25 percent or higher 
jellied or became extremely viscous, whereas those made by tlie use 
of high-diastatic malt extract had a starch content considerably under 
1.0 percent, in many cases only about 0.25 percent, and did not jelly. 

The ash content of the samples varied considerably with the variety 
but it was usually higher in sirups made from the fop portion of the 
stalk. As a rule, sirup from the tops likewise contained a greater 
proportion of starch. 

In making sirups with juice from the t()|)s alone, it was observed 
that scorching usually occurred before evaporation to the standard 
density of sirup wuis comjileted. This is characteristic of juices of 
high starch content, and accounts for the dark color and strong flavoi* 
of some sirups. 

Whenever diastatic malt extract was used in proper amount, the 
resulting siru]) possessed greatly improved eJarity, i]i (M)m])aTison 
with the corresponding untreate<l sample, and also dei)osite(l its 
sediment more rapidly. The relatively high standi conttmt of some 
sirups doubtless acts as a stabilizer, holding other nonsugars in sus- 
pension and giving a more turbid product. 

SUMMARY AND CONCLUSIONS 

Sirups made by a standard procedure from the whole stalks and 
from the topped stalks of eight varieties of sorgo w^ere compared with 
sirups made by modifications of this procedure, special attention being 
given to the use of starch-hydrolyzing enzymes. 

The topped stalks consistently produced sirup of better quality than 
the whole stalks, wliich, in turn, gave better sirup than did the tops 
alone. 

Relatively little improvement in quality resulted from simply 
allowing the semisirup to settle, without malt-extract treatment, 
before completing the evaporation. 

All sirups produced by the process in which high-diastatic malt 
extract was used were of better color, flavor, and clarity than the 
sirups made from corresponding parts of the stalk by the standard 
procedure. 

The results show that sirups of the liighest quality are produced by 
using starch-hydrolyzing enzymes to supplement reasonably good 
topping practice. 


U. S. GOVERNMENT PRINTING OFFICE: l»40 
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THREE PREVIOUSLY UNDESCRIBED MOSAIC DISEASES 

OF PEA* 

By W. J. Zaumeyer ^ 

Pathologist, Division of Fruit and Vegetable Crops and Diseases, Bureau of Plant 
Industry, United States Department of Agriculture 

INTRODUCTION 

During the last few years a number of distinct viruses affecting pea 
{Pisurn miivum L.) have been named and described. In the course 
of experimental studies on varietal susceptibility and resistance of 
peas to a virus from mosaic-infected alsike clover, the writer found 
three other viruses on peas which produced symptoms somewhat 
unlike tliose already described on certain varieties. Studies were then 
conducted to determine the symptoms produced by these viruses on 
peas and beans and the resistance and susceptibility of a number of 
varieties of eacti. Host range and physical properties of the viruses 
in vitro were also investigated. These studies disclosed sufficient 
differences to permit classification and identification. A comparative 
study of these viruses and of an earlier described mosaic virus from 
alsike clover likewise infectious to pea is presented in this paper. 

REVIEW OF LITERATURE 

C^omprehensive reviews of the literature on the mosaic diseases of 
peas have been made by Pierce (10),^ Zaumeyer and Wade 
Stubbs (11), and Murphy and Pierce (4)- Johnson and Jones (1) in 
1937 described two mosaic diseases of pea in Washington, one an 
enation mosaic and the other a severe mosaic. The former is identical 
with the pea enation virus disease descrilied by Osborn (5), Pierce 
(10), and Stubbs (11), which has been designated as pea virus 1. 
Severe mosaic, according to Johnson and Jones (1), appears to be 
similar to pea virus 3. Zaumeyer and Wade (17) recorded the varie- 
tal susceptibility of a number of pea varieties to pea streak virus 1 , 
which is unlike any previously described virus of peas. Johnson and 
Lefebvre (^) reported a crotalaria mosaic that was infectious to a 
number of species of this host as well as to peas and other legumes. 
It is not known whether this virus is distinct from the viruses previ- 
ously reported. Whipple and Walker (IS) described two strains of 
the cucumber mosaic virus which infected pea and bean. Zaumeyer 
( 14 ) compared pea streak virus 1 with three strains of the alfalfa 
mosaic virus, all of which infected pea. Wade and Zaumeyer (IS) 
recorded varietal susceptibility and resistance of a number of pea 
varieties to a virus from alsike clover which is identical with the one 
described here as alsike clover mosaic virus 1. Osborn (8) recently 
reported on the incubation period of pea virus 1 in the aphid Mac- 
rosiphum solavifolii Ash. and later (9) reported strains of this virus. 

> Received for publication January 11, 1940. 

* The writer is indebted to L. L. Harter for suggestions and criticisms in the preparation of the manuscript. 

3 Italic numbers in parentheses refer to Literature Cited, p. 4.51. 
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Zauineyer (IS) compared two new viruses of the pea which resemble 
those reported by Wliipple and Walker (13), 

Pierce (10) arbitrarily classified a number of legume viruses which 
had been previously reported upon by him as well as by other investi- 
gators. His classification was based on the host from which the 
virus was collected, i. e., beans, peas, white clover, etc. Following 
this system of classification, the writer has designated the viruses 
herein discussed as pea mosaic viruses 4 and 5 and alsike clover mosaic 
viruses 1 and 2. 

MATERIALS AND METHODS 

SOURCES OF VIRUSES 

Pea mosaic riru^s 4 . — This virus was obtained from mosaic-infected 
peas grown in northeastern Colorado. The symptoms i)roduced, 
which are described later, were in general mild on the several pea vari- 
eties tested (fig. 1, A and B). 

Pea mosaic mrus S (pea stunt mosaic). — Spec'imens from which this 
virus was isolated were collected from the Potlatch variety near Avon, 
Colo. This virus produced a decided stunting on the Dwarf Telephone 
variety (fig. 2, A and F). 

Alsike clover 7nosaic mrus 1 . — Tins virus was obtained from a 
naturally infected alsike clover plant growing in northeastern Colo- 
rado. The symptoms produced on most pea varieties were mild and 
somewhat similar to those produced bv pea mosaic virus 4 (fig. C 
and D). 

Alsike clover mosaic mrus This virus was secured from an 
alsike clover plant collected near Stonew^all, Colo. It produced 
symptoms on alsike clover similar to those of alsike clover mosaic 
virus 1 but caused distinctly difTerent symptoms on peas. Alsike 
clover mosaic virus 2 produced veiy marked symptoms on most 
varieties of peas (fig. 4, A, By and /). 

METHODS 

The metliods employed in these studies were similar to those de- 
scribed by other investigators who have worked with viruses of 
leguminous plants (4, e9, 10^ IS, 17). The work was carried out 
entirely under greenhouse conditions at temperatures ranging from 
18° to 25° C. Carborundum powder No. 38713 was dusted on the 
leaves before they were mechanically inoculated with the virus 
extracts. 

The methods used in the studies of thermal inactivation and 
dilution were similar to those described by Johnson and Grant (3). 
For the aging tests, the juice of infected plants was stored in stoppered 
flasks and kept in a darkened cliamber maintained at a constant 
temperature of 18° C Juice was taken from the flasks at 24-hour 
intervals, and inoculations were made in the usual manner. 

EXPERIMENTAL RESULTS 

The viruses dealt with in this paper may be differentiated (1) by 
the symptoms they produce on several varieties of pea and bean; 
(2) by the susceptibility and resistance of certain varieties of pea, 

< Since the preparation of this article, a new classification of the typical legume vinises has been published; 
Weiss, F. a key to the typical viruses or the leguminous crops. U. S. Bur. Plant Inaus., Plant 
Dis. Rptr. 23: 362-360. 19^9. (Mimeographed .1 

In this classification, pea mosaic virus 4 Thas been changed to Pisum virus 3A, pea mosaic virus 6 to Pisum 
virus 6, alsike clover mosaic virus 1 to Trifolium virus 3, and alsike mosaic virus 2 to Trifolium virus 3A. 
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riGURE l.-~“ Symptoms produced by pea mosaic virus 4 on several hosts: yi B 
Leaf mottling on Green Giant pea; C, leaf mottling on llobust bean; D, leaf 
mottling on Stringless Green Refugee bean; E, F, lialolike yellow spotting on 
s t bT ^ mottling and malformation on Croiafaria 
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l-iouBE 2.— Symptoms produced by pea mosaic virus 5 on several hosts; A, 
otuntii^ and terminal rosetting of Dwarf Telephone pea 5 iJ, leaf mottling 011 
Green Giant pea; C, leaf malformation and necrosis on white lupine; D, mild 
leaf mottling on Idaho Refugee bean; E, leaf mottling on Stringless Green 
Refugee bean; F, leaf necrosis and terminal killing of Dwarf Telephone pea* 
G, leaf mottling and malformation on Crotalaria spectabilis. ' 
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Imgure 3. — SyiiiptoiiiH produced hy alsike clover mosaic virus 1 on several hosts: 
yl, Leaf mottling on white lupine; B, leaf mottling and puckering on Robust 
bean; C, /), leaf mottling on Dwarf Telephone and Green Giant pea, respec- 
tively; yellow leaf spotting on Stringless Green Refugee l)ean; F, yellow 
leaf spotting on Crotalaria apectahilis. 





> IGUBE 4. — Symptoms produced, by alsike clover mosaic virus 2 on a number of 
hosts: A, Necrosis and killing of leaves of Green Giant pea; B, pod spotting on 
Alaska pea; C, E, F, leaf mottling and malformation on Corbett Refugee bean; 
/>, leaf mottling on, Robust bean; G, pod of healthy Alaska pea; H, trifoliate 
leaves of Idaho Refugee bean, showing yellow spotting and mottling; /, leaf 
spotting and necrosis on Dwarf Telephone pea; leaf malformation and death 
of w'hite lupine; A, healthy Dwarf Telephone pea; L, healthy white lupine. 
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bean, and other legumes and hosts; and (8) by the properties of the 
viruses in vitro. 

SYMPTOMS PRODUCED ON PEAS 

Although symptoinatolop:y alone is not always sufficient to enable 
one to identify certain viruses on pea, a careful study of the symptoms 
produced on differential hosts is helpful. Some of the viruses here 
reported caused consistent symptoms on a number of pea varieties 
that can be relied on to help differentiate them. Tlie descriptions 
of the symptoms ])roduced by the several viruses are based on those 
that developed on Dwarf Telephone, Telephone, and Green Giant 
varieties, which wen' artificially inoculated in the greenhouse. 

Pea Mosaic Virus 4 

Pea mosaic virus 4 caused rather mild symi)toins on most of the 
pea varieties tested (fig. 1, A and B), No leaf malformation or any 
appreciable stunting r)f the plant was produced. Infected plants 
showed a. typical leaf mottling, the dark-green tissue being most 
frecpiently found adjacent to the veinlets. Small streaks or islands 
of yellowish tissue later appeared but never to the extent to which 
they were produced by pea mosaic^ viruses 1 and 3. Leaf necrosis 
was not observed. The symptoms somewhat resembled those 
reported by Stubbs (//) for pea viruses 2B and 2C. 

Pea Mosaic Viutts 5 

Pea mosaic virus 5 (pea stunt mosaic) pi‘oduc('d very similaj* 
symptoms on the Dw^arf Teh'phone and T(4(‘phone varietic's, but 
decidedly different symptoms on Green Giant. 

On Dwarf T(*lephone and Telephone, stunting and dwarfing wore 
charact('ristic h'atures tin* plants n'aching only about one-fourth 
natural size. Infecte<l plants w(*re only mildly motth'd. The inter- 
nodes W('re shorteiH'd, and tin* sU'in exhibited an intense purple 
discoloration followed by shrinking of the tissiu*. Tlu' vascular ele- 
iTK'uts wH're discolorc'd. About a W('(*k after inoculation the inoculated 
halves were killed, and lU'crosis of the leav(*s about this region fol- 
lowed. L(*af iH'crosis was first evident at tlu' base of the lamina, 
later becoming gen(*ral ov('r the entire leaih't. On Dwarf Telephone 
th(' growing point was often rosetted, the internodes wa'n* shortened, 
and tlu* leaves wtui* very compact, curled, and much smaller than 
normal (fig. 2, A). On both this variety and Teli'plioru' the terminal 
growth frequently became flaccid and died (fig. 2, F), and later the 
entire plant died. The leaves below^ the point of inoculation appeared 
normal. 

On Green Giant only a slight stunting or leaf malformation was 
noted. Infected plants wen', decidedly mottled (fig. 2, B), In general, 
the lighter green tissue was found adjacent to the midrib and branch 
veins with dark(‘r islands adjacent to the veinlets. The light-green 
tissue later became yellow. 

Alsike Clover Mosaic Virus 1 

The symptoms produced by alsike clover mosaic virus 1 were much 
the same on Dwarf Telephone, Telephone, and Green Giant varieties. 
The hmves were typically mottled and bore symp toms n'sembling those 
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of pea virus 3 excopi that thc^y wm> slightly less intense (fig. 3, O and 
D). They were, however, more striking than thos(> produced by pea 
mosaic virus 4 (fig. 1, A and B). L(‘avcs of diseased plants werci 
lighter green than normal, with small to fairly large, irregularly shaped 
dark-green patches of tissue usually surrounding the small veinlets; 
larger areas of yellow frequently appeared later. The symptoms 
were quite similar to those produced by pea virus 2B of Stubbs (7/). 
Infected plants W(‘re only slightly stunted and only minor foliage dis- 
tortion or reduction in size* of leaves and stipules was not('d. 

Alsike Clover MosAir Virus 2 

The symptoms produccul by alsike cloviu* mosaic virus 2 were distinctly 
diff(‘rent from and more severe than any thus far reportcul. They were 
quite similar on Dwarf T(dephon(‘, Tidephone, and Grcnui Giant, 
except that Dwarf Telephone was mort‘ stuntiul than the otluT vari- 
eties. Typical mottling such as was common with the thri'e othei* 
viruses did not occur. The inoculated leaves usually died (fig. 4, A), 
as they did with the pea stunt virus. The halves and stipules that 
arose at the first and sometimes the sc'cond nodi' abov(^ tlu' inoc- 
ulated leaves, as well as those below the point of inoculation, remairu'd 
normal, with the exception of an occasional leaflet exhibiting necrotic 
spots (fig. 4, A and 7) . Above this region the leaves were yidlowish gn'i'U 
and crinkled, and did not unfold so ri'adily as normal oiu's. Infecti'd 
leafh'ts wen*, usually one-fourth to one-eighth normal sizi*. The 
leaves arising from buds at the axils of the inoculated leaves, as well 
as offshoots arising from below the point of inoculation, show(*d tlu* 
typical symptoms, which were later followed by the appearance of 
numerous small brown necrotic spots (fig. 4, 1). Infected leaflets and stip- 
ules appeared water-soaked (fig. 4, A and I) and si'ini transparent. Tlu* 
green tissue was only found adjacent to the veins. These leaves 
finally died and fell off, leaving the ban* stem and the malformed 
growing tip (fig. 4, A)y which sometimes died lati'r, leaving a f(‘W green 
normal-appearing leaves above the point of inoculation. Tlu* stems 
and petioles became very brittle and were readily brok(*n. If pods 
were produced they wen* malformed and seriously spottiul and pitt(*d 
(fig. 4, B) and never n»ached maturity. 

RESISTANCE AND SUSCEPTIBILITY OF PEA VARIETIES 

Twelve varieties of peas were inoculated with each of the viruses 
studied. For the sake of comparison, the varieties selected were in 
many cases identical with those employed by other students of 
legume viruses. 

It is seen from table 1 that Horal, Little Marvel, Perfection, Sur- 
prise, and Wisconsin Earlj Sweet are resistant to the four viruses, 
whereas the other varieties are susceptible to all of them. The 
symptoms produced by the several viruses differed in intensity, 
depending upon the virus used and the variety tested. Pea mosaic 
virus 5 and alsike clover mosaic virus 2, in general, produced the most 
severe symptoms; pea mosaic virus 4 and alsike clover mosaic virus 1 
produced milder symptoms. In practically all cases a high percentage 
of infection occurred; however, alsike clover mosaic virus 2 produced 
only 50 percent infection in Harrison Glory and 70 percent in Laxton 
Progress (table 1). 
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Table 1.- SuscepiibilHy and resistance of 12 pea varieties to pea mosaic virus 
pea mosaic virus H {pea stunt mosaic^t and alsike clover mosaic viruses 1 and 2 


Roaclion to 


clovor 
virus 2 


Plants 

in- 


Number 
8a 
U)a 
1 5a 
ICa 
7u 
0 
12a 
0 
0 
0 
10a 
0 


> Decree of inrocMioii (lenolt^d by letters: a=*^seruius, b = moderate, e = niild. 



Pea mosaic 

Pea mosaic 

Alsike clover 

Alsike 

Variety 

virus 4 

virus 5 

[ mosaic virus 1 

mosaic 


Plants 

Plants 

Plants 

Plants 

Plants 

Plants 

Plants 


inoc- 

in- 

inoc- 

in- 

inoc- 

in- 

inoc- 


ulated 

fected • 

ulat(‘d 

fected ' 

ulated 

fected > 

ulated 


Number 

Number 

Number 

Number 

Number 

1 

Number 

Number 

Alaska 

10 

10b 

12 

12a 

10 

1 10c 

10 

Dwarf Telephone 

10 

10b 

11 

na 

10 

10b 

10 

(Ireen Admiral 

10 

lOb 

10 

lOb 

in 

me 

15 

(IretMi ( liant 

10 

9b 

in 

I2b 

10 

101) 

10 

Harrison (llory 

11 

lie 

10 

9h 

10 

9b 

14 

Horal 

12 


10 

0 

12 

0 

10 

Lax ton Progrt'ss 

18 

18b 

10 i 

9a 

10 

10b 

17 

l/iltle Marv«'l . . 

10 

0 

11 

0 

10 

9 

10 

Perfec^tion 

10 

0 

10 j 

0 

10 

0 

10 

Surprise 

10 

0 

20 

0 

10 

0 

11 

Telephom^ 

10 

10b 

i:) 

15a 

10 

10b 

10 

Wiseonsin Early Sweet. 

10 

0 

22 

0 

22 

0 

22 


In comparing (liflVrcnces in infeetivity between t lie viruses report- 
ed herein and those of other workers, it is evident (see table 7) that 
the four viruses described by the writer difler from pea virus 1 (pea 
enation mosaic), pea virus 2 of Osborn (t>), pea virus 3 (common pea 
mosaic), bean virus 2 (wliite sweetclover mosaic), white clover mosaic 
virus 1, pea streak virus 1, alfalfa mosaic viruses 1, lA, and IB, and 
the vein mosaic virus of red clover. Pea virus 1 is infectious to the 
Horal, Perfection, and Surprise varieties (see table 7), but these 
varieties were not infected by the viruses described herein (table 1). 
Pierce (/O) reported pea virus 3 as infectious to all of the above- 
named varieties except Horal, whereas Muqihy and Pierce (4), work- 
ing with the same virus, reported these varieties to be resistant, 
except a strain of Surprise. Pierce (/O) found Alaska and Surprise 
susceptible to bean virus 2, and all the ilifTerential pea varieties sus- 
ceptible to white clover virus 1, Osborn (7) found Horal and Per- 
fection susceptible to a vein mosaic virus of red clover. Zaumeyer 
(J4) reporteci that all four differential varieties were susceptible to 
pea streak virus 1 and that only Horal was resistant to three strains 
of the alfalfa mosaic virus. Stubbs (//) reported pea viruses 2A, 2B, 
and 2C infectious to Surprise but not to Perfection. It is evident 
from these facts that the four viruses discussed in this paper differ 
from the previously reported legume viruses in infeetivity to certain 
pea varieties. 

SYMPTOMS PRODUCED ON BEANS 
Pea Mosaic Virus 4 

The symptoms produced by pea mosaic virus 4 on Stringless Green 
Refugee bean were very similar in certain respects to those produced 
by bean virus 2 (white sweetclover mosaic virus). Yellow halolike 
spots (fig. 1, and appeared on leaves above the leaves that were 
inoculated, but the spots were less distinct and more diffuse than those 
produced by the sweetclover mosaic virus. The infected leaves 
drooped at the pulvini; later, the uppermost leaves became quite 
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severely mottled, crinkled, and puckered ; and the yoiinfj: trifoliate leaves 
were sometimes decidedly malformed (fig. Ij D), In these respects the 
symptoms were quite similar to those produced by the common bean 
mosaic. Infected plants showed considerable stunting and frexpiently 
died. On Robust bean, the yellow spotting was not so pronounced 
but the mottling was very characteristic (fig. 1, C). Infected plants 
sometimes showed considerable stunting. The symptoms produced 
on Idaho Refugee bean and U. S. No. 5 Refugee bean were identical. 
The symptoms were similar at first to those noted on Stiingless 
Green Refugee but later were less intense. 

Pea Mosaic Vikus 5 

Pea mosaic virus 5 (pea stunt mosaic), when inoculated on Stringless 
Green Refugee bean, jiroduced symptoms that were very similar in 
many respects to those produced by wliite clover virus 1 on beans. 
The mottling was much milder than that produced by the mild pea 
mosaic virus but more intense than that produced by white clover 
virus 1 on beans. The older trifoliate leaves became slightly (‘hlorotic 
and the mottling very blotchy with little malformation of the leaves 
(fig. 2, T) and K). No appreciable stunting of the plants was noted. 
The symptoms were similar in all the susceptible varieties. 

Alsike Clover Mosaic’ Vi hits I 

The symptoms produced by alsike clover mosaic* virus 1 on beans 
resembled those produced by pea mosaic virus 5. Yellow halolike 
spots were noted on the trifoliate leaves (fig. 3, A"), but they did not 
appear so quickly and were not so intense iis those produced by pm 
mosaic virus 5. The yellow chlorotic blotching, which was charac- 
teristic on the trifoliate leaves, sometimes eventually caused consider- 
able chlorosis and appeared somewhat rugose. Infected plants were 
only slightly stunted. On Robust bean no chlorosis was observed, 
but mottling, puckering, and slight blistering of the leaves were char- 
acteristic (fig. 3, B). On Corbett Refugee bean the symptoms were 
slightly milder than those on the other varieties except Robust. 

Alsike Clover Mosak’ Virus 2 

Alsike mosaic virus 2 produced the most severe symptoms of any of 
the viruses. They were very similar to but more severe than those 
caused by pea mosaic virus 4, Yellow halolike spots appeared on 
the trifoliate leaves, and the leaflets later drooped at the pulvini. 
The youngest trifoliate leaves were mottled, puckered, and blistered, 
and smaller than normal (fig. 4, C, D, E, F, //). The internodes 
were shortened and the plants were extremely stunted. Later they 
became very chlorotic and many died. The symptoms were more 
severe and pronounced than those of the common bean mosaic. On 
U. S. No. 5 Refugee and on Robust the symptoms were not so severe 
as on the other susceptible varieties but in general they were similar. 

RESISTANCE AND SUSCEPTIBILITY OP BEAN VARIETIES 

The four viruses were inoculated on seven bean varieties, namely, 
Stiingless Green Refugee, Corbett Refugee, Idaho Refugee, Wiscon- 
sin Refugee, U. S. No. 5 Refugee, Robust, and Great Northern U. I. 
No. 1. The results are shown in table 2. 
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Strin^loss (ireoii Refugee, Idaho Refugee, LI. S. No. 5 Refugee, 
and Robust were susceptible to pea mosaic virus 4, while Corbett 
Refugee, Wisconsin Refugee, and Great Northern U. I. No. 1 were 
resistant. 

II. S. No. 5 Refugee was the only variety resistant to pea mosaic 
virus 5 (pea stunt mosaic). Great Northern U. I. No. 1 and Robust 
were very slightly suscej)tible to this virus, each having 1 infected 
plant out of 28 and 21 inoculated plants, respectively. It is probable 
that these were admixtures. The symptoms produced by pea mosaic 
virus 5 were milder than those ])roduced l\y pea mosaic virus 4. 

Great Northern U. I. No. 1 was resistant to alsike clover mosaic 
virus 1 , wliile all of the other varieties were suscei)tible. Robust and 
Corbett Refugee exhibiteil the severest and the mildest symptoms, 
respectively. 

All the varieties tested, except Great Northern U. I. No. 1, were 
susceptible to alsike clover mosaic virus 2. In general, the symptoms 
produced by this virus were more severe than those caused by any 
of the other viruses. II. S. No. f) Refugee and Robust exhibited 
milder symptoms than any of the other varieties. 

"1'ablk 2. Susceptibility and resistance of seven bean varieties to pea mosaic virus 
pea mosaic virus o (pea stunt mosaic) y and alsike clover mosaic viruses / and 2 


to — 
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— ■, 

, — 



- -- - - 
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i Pea mosaic 

I‘ea inosaie 

Alsike (dover 

Alsike 

clover 

\'tiri(‘(y 

virus 4 

virus 5 

mosaic virus 1 

njosaic virus 2 


IMants 

Plants 

Plants 

Plants 

Plants 

Plants 

Plants 

Plants 


i inoc- 

in- 

inoc- 

in- 

inoc- 

in- 

ino(‘- 

in- 


ulated 

f(‘(!ted ' 

ulate<l 

fecteil ' 

ulated 

fect(‘(i 1 

ulated 

fected 1 


jSi’inuhtr 

]\’ umber 

y umber 

Number 

Nu mber 

Number 

1 

Number 

StriiiKloss (irocn RofuK<H‘. ! 
('nrbftt Rcfujjoo . 

21 1 

2!a 

10 1 

10c 

22 

17b 

20 

20a 

11 

0 

9 ! 

9c 1 

12 

9c 

9 

Aa 

Idaho UofUKoo 

II 

.'ib 

10 j 

10c 

11 

Hb 

10 

Oa 

Wisconsin llcfugcc 

11 

0 

10 

10(^ ! 

10 

Ob 


7a 

1’. S. No, A Refugee 1 

12 

12b 

12 1 

0 

11 

8b 

12 

4b 

(ireat Norihern T. 1. No. 1 | 

9 

0 

2:t 1 

ic i 

12 

0 

11 

0 

Rohii.st 

11 

8b 

21 

ic 

12 

12a 

i;t 

4b 

> Degree of infecfioii denoted by letters: a— serious, b = inoderate. 

c=Tnild. 





These results clearly show that th(»se four viruses are unlike most 
of those reporti'd earliiT on h*gumes with respect to the susceptibility 
and resistance of ctTtain bean varieties (see table 7). Pea virus i, 
pea virus 3, pea streak virus 1, and vein mosaic virus of rod clover 
are not infectious to bean, and in this regard differ from the four 
viruses discussed in this paper. Pea viruses 2A, 2B, and 2C of Stubbs 
{11) did not infect Stringh^ss Green Refugt'c and Corbett Refugee, 
the only two varieties tested. Bean virus 2 and white clover virus 
I, as shown by Pierce (70), infected all of the varieties listed in table 2 
with the exception of U. S. No. 5 Refugee, which was not tested. 
In this respect these two viruses are similar to pea mosaic virus 5 
(pea stunt mosaic), which infected all of the varieties tested except 
U. S. No. 5 Refugee. The percentage of infection with this virus 
(table 2) for Great Northern IT. I. No. 1 and Robust was lower than 
that reported by Pierce (10) with white clover virus 1 and bean 
virus 2 for these same varieties. Furtlu^rmore, the symptoms pro- 
duced by bean virus 2 W('re more severe than those produced by pea 
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mosaic virus 5. Those produced by white clover virus 1 and by 
pea mosaic virus 5 were of about equal intensity. 

Pea virus 2 of Osborn (6*) was found to infect Stringless Grecui 
Refugee, Corbett Refuge^', and Robust, but not Great Northern IT. I. 
No. 1. These varieti(»s reacted similarly when inoculated with alsike 
clover mosaic viruses 1 and 2 (table 2). Th(» symptoms produced by 
pea mosaic virus 2 on Stringless Green Refugee were' not greatly unlike 
those manifested by alsike clover mosaic viruses 1 and 2 on this variety. 
These viruses produced a distinct mottling on the trifoliate leaves 
which was slightly more severe in the case of the alsike mosaic viruses 
than in that of pea virus 2. Osborn (6) reports a mild mottling on 
Robust, while alsike clover mosaic virus I produced a severe mottling 
and alsike clovcu* mosaic virus 2 a mottling of moderate intensity. 
The alfalfa mosaic viruses 1, lA, and IB, according to Zaumey(*r 
{14) 1 produced local lesions on all of the bean varieti(»s t(‘st(Hl, 
whereas the four viruses described in this papcT produc(‘(l systcunic 
infection. 

The severe pea mosaic table 7) of Johnson and Joints {!) was 
reported to have infected all of the bean varieties (except U. S. No. 5 
Refugee, Wiseonsin Refugee^, and Idaho R('fug(‘e, wdiich W(‘re not 
test('d . 

OTHER HOSTS 

A relatively small number of hosts were inoculated with the four 
viruses to determine, if possible, differences in susceptibility and 
resistance. The results are shown in table 3. It is clearly evident 
that of these the susceptible hosts wen^ restricted to the Leguminosac'. 
It is also shown that, with few exc(‘ptions, hosts that wer(‘ susceptible 
to one virus were susceptible to all four. CroiaUiria spectabilis was 
susceptible to all the viruses exc(^pt alsike clovtu* mosaic virus 1 . Pea 
mosaic virus 5 was the only virus infectious to C. retusa, while C, 
striata was susceptible to all the viruses. Only one plant of Trifoliurn 
pratense became infected with pea mosaic virus 4, and none with the 
other, viruses. Lupinus albuSj L. angusiijolius^ Medicago saliva, 
Melilotus alba, Trifolium incarnatum, and Vida f aba. were suscc'ptible 
to all of the viruses tested. 

These data also show that the four virus(‘s were dissimilar to the pea 
mosaic viruses reported by other investigators (s(»e table 7). Pea 
virus 1 , pea viruses 2A, 2B, and 2C, and pem virus 3 were not inh'C- 
tious to white sweetclover, differing in this respect from the four 
viruses discussed in this paper. Bean virus 2, pea virus 2, pea virus 
3, white clover virus 1, the alfalfa mosaic viruses 1, lA, and IB, pea 
streak virus 1 , vein mosaic of red clover, and severe pea mosaic were 
all infectious to red clover. Pea mosaic virus 4 was the only one 
reported here which infected this host. Pea mosaic virus 4 differed 
from bean virus 2, the three alfalfa mosaic viruses, and pea streak 
virus 1 in not being infectious to soybean. It was unlike white clover 
virus 1 and severe mosaic in that it was not infectious to white clover. 
The symptoms produced on red clover by the vein mosaic virus of 
red clover, according to Osborn (?), differed widely from those pro- 
duced by pea mosaic virus 4. 
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Table 3. — Susceptibility and resistance of various leg^imes and other plants to pea 
mosaic virus 4, pea mosaic virus 5 {pea stunt mosaic)^ and alsike clover mosaic 
viruses 1 and 2 


Ri*acti()n to — 


Host 

Pi^a mosaic 
virus 4 

Poa mosaic 
virus 5 

Alsike clover 
mosaic virus 1 

Alsike clover 
mosaic virus 2 


1‘lants 

Plants 

Plants 

Plants 

Plants 

IMants 

Plants 

Plants 


inocu- 

in- 

inocu- 

in- 

inocu- 

in- 

inocu- 

in- 


Iat(*d 

fected ' 

latcd 

fected 1 

laUuI 

fected 1 

lated 

fected ' 

Crot alarm spectahiliH Roth (No. 

Number 

Numfier 

Numf)er 

Number 

Numl)er 

Number 

Number 

Number 

18(Mi) 

4 

2a 

4 

2b 

4 

0 

4 

2a 

C. retusa L. (No. 

.*> 

0 

5 

4b 


0 

5 

0 

(’. striata J)C. (No. 19322) 

5 

5b 

5 

5b 

5 

5h 

5 

5a 

Liipmus albas L. (wliito luf)in(*i 

)() 

10< 

10 

10a 

10 

10b 

10 

10b 

L. anqastifoUm L. (blu<‘ lupine) 

10 

9b 

10 

8b 

10 

8a 

8 

7a 

Medicagn satira L. (alfalfa) 

5 

2c 

5 

3c 



5 

le 

Mel Hat as alba Desr. (whiU* - 

clovor) . 

9 

2b 

9 

Ob 

8 

2b 

9 

4c 

Phaseolas a areas Roxb. (mung 
boan) 

10 

0 

10 

0 

10 

0 

10 

0 

H. la a nt us 1^. (si<‘va boan, HoikIit- 
son Rush vari(‘ty) 

11 

0 

10 

0 

10 

0 

10 

0 

Snja rm.r (L.) I'ipor (soybean. Vir- 
ginia variety) 

10 

0 

10 

0 

10 

0 

10 

0 

.S. ma.t (L.) Pip»T (soybean. Man- 
chu variety) 

1 

10 

0 

10 

1 

10 

0 

10 

0 

Trilnliam iucarantam L. (crimson 
chner) 

f) 

5 b 

5 

5h 

5 

5a 

5 

5a 

T. prat east: L. (red clovc'r) 

T) 

lb 

5 

0 

5 

0 

b 

0 

T. repens L. (white clov<«r) 

9 

0 

9 

0 

9 

0 

9 

0 

\’iria faba L. (broadbean) 

10 

10b 

10 

; 9b 

10 

101) 

10 

10c 

r. satira L. (spring vetch) 

10 

0' 

10 

0 

10 

0 

10 

0 

Datara stramoniain T^. (,iinisonw’e<‘d) . 

10 

0 

10 

I 0 

10 

0 

10 

0 

Nicntiana qiaaca Or&hiim 

10 

0 

10 

i 0 

1 11' 

0 

10 

0 

JV. qiatinosa L 

10 

0 

10 

0 

to 

1 " 

10 

0 

N. iabacam L. (/Purkish tobacco) 

10 

0 

10 

0 

10 

1 0 

10 

0 

Petunia hybri<ia Vilm. (petunia). ... 

10 

0 

10 

1 d 

10 

0 

10 

0 


1 Degree i f infection denoted by letters: a=serious, h«moderate, e=inild. 


PROPERTIES OF THE VIRUSES 

C\*rlain pmptMiips of the four viruses were determiued iu order to 
detect diffc'rt'nces among them as well as to distinguish thrun from other 
known h'gume virust's. The tlu'rmal inactivation points, resistance 
to aging in vitro, and tolerance to dilution wove determined. These 
studies w’(‘re made' with peas as the test host; however, the inoculum 
was not in ev(»ry case preparc'd from infecttul pea plants. 

Thermal inacMvation jwmt. -When infectious plant juice was heated 
for 10 minutes (table 4), the thermal inactivation points for the dif- 
ferent viruses wen^ as follows: Pea mosaic virus 4, 62° to 65° C.; 
pea mosaic virus 5 and alsike clover mosaic virus 1, 60° to 62°; and 
alsike clover mosaic virus 2, 54° to 58°. 

Tolerance to dn regard to toh'rance to dilution, pea mosaic 

virus 4, pea mosaic virus 5, and alsike clover mosaic virus 2 were still 
somewhat infectious at a dilution of 1 to 8,000 (table 5). Alsike 
clover mosaic virus 1 w^as infectious at 1 to 6,000, but not at 1 to 8,000. 

Resistance to aging in intro, — Pea mosaic virus 4 and alsike clover 
mosaic viruses 1 and 2 were no longer infectious after aging from 1 
to 2 days (table 6). Pea mosaic virus 5 lost its infectivity in less 
than 1 day. 

In general, the thermal inactivation points of the four viruses 
showed no outstanding differences from those of previously described 
legume viruses (see tabic 7). Pea mosaic viruses 4 and 5 were inac- 
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tivatod at slightly higher tomperatiires than were white clover virus 
1 and bean virus 2 (table 7), but the differences were not significant. 
Alsike clover mosaic virus 2 was killed at a somewhat lower tempera- 
ture than the other viruses. 

Table 4." Thermal inactivation points of pea mosaic virus mosaic virus /> 

(pea stunt mosaic) y and alsike clover mosaic viruses 1 and 2, as determined, by 
systemic infection of peas 


Keaction to - 


Temperature ' (”(’.) 

I’ea mosaic virus 4 

Pea mosaic virus r» 
(pea stunt mosaic) 

Alsike clover mo- 
saic virus 1 

Alsike clover mo- 
saic virus 2 
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Plants 

Plants 

Plants 

Plants 
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infect(‘d 

inocu- 

lated 

infected 

inocu- 

lat(‘d 
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Number 

Number 

Number 

Number 
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IS 


ir» 

20 

20 

2b 

25 

rA 

27 

\:i 

:u) 

7 

30 

22 

2« 

7, 

.W, . 







2b 

0 

fit) _ 

2^1 

i\ 

1 an 

2 

27 

2 

1 30 

0 

rt2 - 

27 

1 

1 30 

0 

30 

0 

30 

0 

(*.5 

2ri 

0 

2r» 

0 

30 

0 


0 


J Virus was hoaUnl for Hi minutes at teiupprature indiftiU'd. 


Table 5. — Tolerance to dilution of pea mosaic virus 4, pea mosaic virus h (pea stunt 
mosaic), and alsike clover mosaic viruses 1 and 2, as determined, by systemic 
infection of peas 


Dilution 


Nomv - 
1 :2.0(K) 

1 :4,0(X) 

1 :r>.(KM) 
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24 

23 
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17 

22 

22 

20 

13 

12 

0 

15 

2 

Hi 

b 

0 

7 

12 

8 

20 

4 

10 

5 

12 

5 

33 

9 

30 

1 

31 

1 

32 

4 

30 

2 

30 

1 

30 

0 

3t) 
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Table 0. — Resistance to aging in vitro of pea mosaic virus 4, pea 7nosaic virus /» 
(pea stunt mosaic), and alsike clover mosaic viruses I and 2, as determined by 
systemic infection of peas 


Reaction t<y- 


Time aged at 20 ^ (\ 
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Pea mosaic* virus 4 

Pea mosaic virus 5 
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1 
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20 
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20 

20 

20 

18 

10 
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23 

17 

20 

0 

20 

5 

20 

1 
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20 

0 

20 

0 

22 

0 

20 

f 

3 

20 

0 

20 

0 

22 

0 

20 

( 

4-... 

. 12 

0 

10 

0 

12 

0 

12 

{ 

6 - .. 

12 

0 

10 

0 

12 

0 

12 

( 
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Regarding longevity in vitro, pea mosaic virus 5 lost its infectious- 
ness in less than 24 hours, which w^as a shorter time than was required 
by any of the other viruses except pea mosaic viruses 2A, 2B, and 2C, 
which were no longer infectious after to 1 day (table 7). Pea 
mosaic virus 4 and alsike clover mosaic viruses 1 and 2 remained infec- 
tious from 1 to 2 days, resembling in this respect bean virus 2 and pea 
streak virus 1. Pea virus 2, severe pea mosaic, white clover virus 1, 
and the alfalfa mosaic viruses remained viable longer than any of the 
other viruses listed. 

In general, the four viruses reported herein were inactivated at 
higher dilutions than other legume viruses with the exception of pea 
streak virus 1, which lost its activity at about the same dilution, and 
pea virus 2, which was hifectious at 1 to‘ 100,000 dilution. Johnson 
and Jones (/) reported that severe pea mosaic was also infectious at 
a dilution of 1 to 100,000. 


DISCUSSION 

The data show that three of the viruses here described are diflerent 
from previously des(*ribcd viruses that are infectious to pea. The 
fourth, alsike clover mosaic virus 1, is identical with a previously 
described mosaic virus from alsike clover {12). With the possible 
exception of alsike clover mosaic virus 2, these viruses produced symp- 
toms on peas not greatly unlike those caused by certain other legumi- 
nous viruses. On particular varieties, such as Dwarf Telephone, pea 
mosaic virus 5 produced symptoms different from most of the other 
known viruses, except the alfalfa viruses which produced somewhat 
similar symptoms on this variety. It has been pointed out repeatedly 
that symptoms alone are not in general a dependable criterion for the 
difl’erentiation of viruses but are of considerable help when coupled 
with other features. 

Wherever possibh* the same varieties of i)cas, beans, and other hosts 
that were used by other investigators were employed in this study, 
and this made it possible to compare bet ter the four viruses discussed 
in this paper with those previously described. In table 7 are listed a 
few of the differentiating features of most of the viruses that have 
been shown to be infectious to pea. All of the viruses were not tested 
on each host. The data on viruses other than the four discussed here 
were compiled from previous })ubli(^ations of the writer as well as 
from pubhcatioTis of other authors. 

The four viruses described herein differed from most of the other 
legume viruses in not being infectious to Horal, Perfection, and Sur- 
prise pea varieties. Pea mosaic virus 2 was tested only on the Per- 
fection variety, which was resistant. Pea mosaic virus 4 differed from 
the viruses that were infectious to bean in that it did not infect Great 
Northern U. I. No. 1 and Corbett Refugee (table 7). Pea mosaic 
virus 5 and alsike mosaic viruses 1 and 2 were not infectious to red 
clover, which distinguished them from the other legume viruses except 

f )ea virus 1 and pea viruses 2A, 2B, and 2C. They differed from these 
ast-named viruses in that they were infectious to a number of bean 
varieties that were not infected by these viruses (table 7). 



Table 7. List of viruses affecting pea^ showing dijferentiating features for the purpose of identification and classification * 
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Zauinoyer and Wado (16) earlier reported an alsikc clover mosaic 
virus which they iiained aisike clover mosaic virus 1. The symptoms 
tluit it produ(‘.ed on aisike clover, peas, and beans were very similar 
to those produced by aisike clover mosaic virus 1 herein reported. 
The only difference between the two viruses is that the earlier re- 
ported virus was slightly infectious to Perfection and Little Marvel 
peas, to which the virus of this study was not inf eel ions. These 
differences miKht have been due to different strains or to admixtures 
of the varieties. In other respects the two appeared almost identi- 
cal and hence are considered as the same virus. The aisike clover 
virus reiiorted by Wade and Zaumeyer (12) is also identical with 
aisike clover mosaic virus 1. 

The chief characteristic that differentiates pea virus 1 from the 
other viruses that are infectious to pea is the production of leaf ena- 
tions on both peas and crimson clover, a symptom produced by none 
of the other leeiime viruses thus far described. Stubbs (11) reported 
that pea virus 1 produced severe top necrosis on seedlings of Dwarf 
Teleplione pea. This is similar to the symptom produced by pea 
mosaic virus 5 on this variety. 

Pea virus 2, described by Osborn (6), althoufxh not tested on all 
the hosts listed in table 7, differs from several of the viruses in its 
inability to infect Perfection pea. It differs from other viruses that 
infect tliis variety in the reaction to it of certain bean varieties. It 
most closely resembles aisike clover n\osaic viruses 1 and 2, but these 
two viruses are not infectious to red clover which is susceptible to 
pea virus 2 (table 7). It also differs from these viruses in its ability 
to withstand airing longer in vitro. The symptoms produced by 
])ea vir\is 2 on ])ea are marke^lly different from those produced by 
aisike clover mosaic virus 2 on this host. 

Stubbs’ ])ea viruses 2A, 2B, and 2(' (11) closely resembled pea 
mosaic virus 3 in the symptoms and reactions that they caused to 
j)ea varieties (table 7). The principal points of difference were in 
the immunity of Perfection pea and the susceptibility of red clover 
to pea mosaic virus 3. Although red clover was not readily infected 
artificially with certain other viruses, it is probable that future studies 
may })rove this host susceptible in some degree to these viruses. 
It is believed that these three viruses are possibly strains of pea 
mosaic virus 3. 

Pea mosaic virus 3 was similar to bean mosaic, virus 2 in its infec- 
tiousness to certain pea varieties but differed in not being infectious 
to bean (table 7). 

Severe mosaic of peas, described by Johnson and Jones (I), was 
tested only on one of tlie four pea varieties listed in table 7, namely. 
Perfection, to which it was found to be infectious. It resembled 
white clover virus I in its host reaction, but the symptoms it pro- 
duced on peas and beans were decidedly different from those produced 
by white clover virus 1 . In certain ot its properties this virus differed 
p’eatly from most of the legume viruses that have been reported as 
infectious to pea. Its longevity in vitro was 15 days, and it was still 
infectious at a dilution of 1 to 100,000 (table 7). None of the other 
viruses was viable beyond a dilution of 1 to 8,000, except pea virus 2. 
Johnson and Jones (I) considered severe pea mosaic similar to pea 
virus 3 and to white sweetclover mosaic. Since it does not infect 
beans it does not appear closely related to pea virus 3. 

235080—40 2 
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In host range, bean mosaic virus 2 most closely resembled tlie al- 
falfa mosaic viruses but differed markedly in the symptoms it pro- 
duced on peas and beans. Tlieir physical properties were also dis- 
tinctly different (table 7). Perfection pea was immune to bean 
mosaic virus 2 but susceptible to the alfalfa viruses (table 7). 

White clover mosaic virus 1 differed from the alfalfa mosaic viruses, 
which it most closely resembled, in the production of systemic infec- 
tion in beans. The alfalfa mosaic viruses produced only lo(*al lesions 
on this host. Likewise, white clover mosaic virus 1 was infectious to 
Horal pea, while the alfalfa mosaic viruses were not. The thermal 
inactivation point for the alfalfa mosaic viruses was considerably 
higher than that for white clover virus 1 . 

Pea streak virus 1 differtnl from all of the other viruses in the fact 
that it produced a decided streaking of the stems of peas. The alfalfa 
mosaic viruses may also cause some streaking, Imt they differ from 
pea streak virus 1 in their ability to infect beans. 

The vein mosaic of red clover reported hy Oshorn (7) most closely 
resembled pea mosaic virus 1 , excejit that the latter was not iid’ectious 
to red clover, white sweetclover, and white clover (table 7). More- 
over, the symptoms j)roduced by these two viruses on peas were 
unlike. 

From the similarity in reaction of the several jiea and bean varieties 
and other hosts to the four viruses discussed herein, it would appear 
that several of them are somewhat closely related. Likewise the 
physical properties of several of these viruses are quite similar. The 
thermal inactivation points, longevity in vitro, and dilution points 
for the four viruses dealt with in this paper were not sufficiently dif- 
ferent to afford a basis for separating them. Table 7 shows that the 
thermal inactivation points of all of the legume viruses are ap])roxi- 
mately the same, and it is doubtful whether any of them could be 
separated by this means. Regarding longevity in vitro, the only 
viruses that were strikingly different from the four discussed here were 
pea virus 2, severe pea mosaic, white clover virus 1, and the alfalfa 
viruses. The four viruses discussed herein were infectious at higher 
dilutions than the other legume viruses except pea streak virus 1, 
which was still infectious at approximately the same dilution, and 
severe pea mosaic, which was reported by Johnson and Jones {!) as 
infectious at a dilution of 1 to 100,000. 

Probably other new legume viruses will be described in the future. 
It is believed that such studies could be simplified by the employment 
by the different workers of standardized methods of technique and the 
use of the same differential varieties of peas, beans, and other hosts. 

SUMMARY 

Three new mosaic diseases infectious to pea, together with an 
earlier described mosaic virus from aJsike clover, likewise infectious 
to pea, are described herein and identified. 

The viruses studied were pea mosaic virus 4, pea mosaic virus 5 (pea 
stunt mosaic), alsike clover mosaic virus 1, and alsike clover mosaic 
virus 2. They were differentiated from one another and from the 
previously described legume viruses (1 ) by the symptoms they produced 
on peas and beans, (2) by the susceptibility and resistance of several 
varieties of pea,, bean, and other legumes and of other hosts, and (3) 
by certain physical properties. 
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Pea mosaic virus 4 and alsike clover mosaic virus 1 produced com- 
paratively mild symptoms on pea. Pea mosaic virus 5 produced 
considerable stunting of Dwarf Telephone and Tall Telephone pea 
varieties. Alsike clover mosaic virus 2 caused the most severe symp- 
toms on peas, producing necrosis and leaf drop. 

Twelve varieties of ])eas were inoculated with the four viruses. 
All were susceptible except Horal, Little Marvel, Perfection, Surprise, 
and Wisconsin Early Sweet. 

The four viruses were infectious on certain bean varieties, but there 
were considerable varietal differences. Stringless Green Refugee was 
susceptible to the four viriises. Great Northern U. I. No. 1 was 
resistant to all of the viruses except pea mosaici virus 5. The viruses 
likewise produced different symptoms on the several varieties. 

Pea mosaic, virus 4 was the only one of the four viruses to infect 
red clover. The susceptible hosts were restricted to the Leguminosae. 
With few ('xceptions, hosts that were suscej>tible to one virus were 
susceptible to all. 

Slight differences were noted between the pliysical properties of 
the four viruses affecting pea and those of viruses previously described. 
These differences were iiot sufficiently great to serve as the basis for 
(hdinite identifi(*ation and separation. 

Certain important characteristic features of most of the viruses 
affecting pea are tabulated (table 7). The differences in most cases 
are sufficient for the purposes of differentiation and classitication. 
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PARTIAL SELF-INCOMPATIBILITY AND THE COLLAPSE 
OF FERTILE OVULES AS FACTORS AFFECTING SEED ' 
FORMATION IN ALFALFA* 

Jiy J). C. C/OOPEK, assistant professor of genetics^ aJicl H. A. Brink, professor of 
genetics, Wisconsin Agricultural Experiment Station ^ 

INTRODUCTION 

Various invosligalors coufirnKul the fact, since PipcT et al. 

{10) first reported it, that alfalfa {Medicago saliva Jj.) forms scM'd 
Tnor(‘ fr(‘ely aftiu* cross-pollination than aftiu* self-pollination. The 
authors (4) in a pridiminary account, have shown tliat two probably 
distinct plienonn^na ai-e involved. In the first place, it is found that 
alfalfa is partly self-incompatible. That is to say, male garnetophytes 
ar(‘ l(^ss (‘Ifective in accomplishing fertilization in the plant from which 
th(\v aris(^ than in unrelated] individuals. Moreover, there is a diflfer- 
(Uic(‘ in survival of ovules containing inbred and hybrid embryos and 
endospiuTiis, the fornnu- class IxMiig much more prone to collapse during 
develoiiment than the lattcu*. The observations upon which these 
findings rest are pri'sented in detail in the presiuit paper and are con- 
sidi^red in relation to th(‘ problem of seed sidting in alfalfa. 

Self-incompatibility is usually im'asured in terms of fruit and seed 
production. This may not be adequate' in alfalfa in view of the possi- 
bility that ovule abortion, which also has a major effect on fruit and 
s(*(‘d production, may be unrelated to self-incompatibility and may 
vary independently of it. The two phenonK'ua have been separate'd 
in tlie present study by a histological study of the pistil following the 
two type's of matings. 

MATERIALS AND METHODS 

Sev(*n plants d(‘rived by self-pollination fjom six unrelated indi- 
viduals selecti'd from commercial varietii'S of alfalfa were usc^d in the 
expc'rime'iit. They were brought into fiow(‘r in pots in a greenhouse 
at 70° to 80° F. in April, supph'mentary illumination being used to 
give a photoperiod similar to that in midsummi'r. Th(' matings were 
made at the height of the' flowering period. Newly opened flowers were 
(*a,strat(Ml by clipping off the standard, forcing the sexual column out 
of the keel, and removing the pollen by suedion. Some of the flowers 
wer(' then S(‘lfed, using pollen from otiu'i' flowers on the same respec- 
tive plants. Th(' remaining castratial flowers were cross-pollinated, 
the pollen b(*ing taken in ('ach case from a different and unrelated 
plant within tlu' group. The matings wt'rt' so arranged that each of 
the plants, in addition to being selfed, si'rved as a pistillate and as a 
staminate parent in the crosses. Intimate contact between the stig- 
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matic secretion and the ])ollon was assured by applying the j)ollen 
with toothpicks tipped wit h a strip of fiiK? emeigy cloth. 

Tlie pistils were collected at 30, 48, 72, 96, 120, and 144 hours after 
])ollination, fixed in Karpeclienko^s modification of Navasliin’s fluid, 
and embedd(Ml in paraffin. After th(». material had been sectioned and 
stained with Delafiehhs haematoxylin, the following data were taken 
on each pistil, regard being given to the serial order of the ovules 
from apex to th(i base of the ovary: Position of the most advanced 
pollen tubes, fertility of the ovules, stage of dcv(4opment of the pi*o- 
(unbryo or embryo, and fertile ovules collapsing. The technique em- 
ployed did not permit of following pollen-tube growth in the styh^ 
Within the cavity of the ovary, however, the pollen tube's grow along 
the surface of the vcuitral suture, and, at this stage, the tips of the 
longest tubes can be distinguished clearly, although the distribution 
of the less advanced tubes cannot be det('rmined accuratt'ly. About 
nine pistils per plant w('re taken at each collection in the self-pollinated 
series and about six pistils j)er plant in the crossed group. 

SEED PRODUCTION FOLLOWING SELF- AND CROSS-POLLINATION 

The comparative fertility on self- and cross-pollination of th(' seven 
plants used, measured in terms of mature seeds produced, is shown in 
table 1. The data are based on a separate sc'rii's of matings made 
during the same period as the test pollinations. The flowers in tlu' 
selfed seri('s, how('ver, were not castrated, and th(' polh'n us('d in 
th(' crosses was (h'rived mostly from unrelated plants not oth('rwise 
included in tlu'se experinn'iits. Jt is not bc'lievcMl that either of tlu'se 
circumstances should influence the results significantly. 


Tahlk Fertility measured in teimis of mature seeds produced, following self- and 

cross- poll inal ion 
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Omitting plant A, for which the data are incomplete, it may be 
seen from table 1 that, on an average, about five and one-half times 
as many mature seeds developed per flower pollinated after crossing 
as after selfing. The values vary rather widely from plant to plant, 
particularly in the selfed series, but in the case of each individual a 
large increase is shown on crossing. This result is in conformity with 
the findings of Piper et al. (jfO), Frandsen (8), and Carlson (5). 

The fertility differential between the crossed and selfed series is 
much wider when measured in terms of seeds formed per flower pol- 
linated than in terms of pods set per flower pollinated. This follows 
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from tlu‘ fact tliat the pods formed after selfing contained only L93 
s(‘(h1s each, on an average, whereas those in the cross-pollinated seri(»s 
contained s(^eds. 

OVULE FERTILITY 

A primary cause of tln^ disparity in thc' number of seeds that develop 
aft('r s(df- and cross-pollination is found in the difference in tlu' pro- 
portion of ovules that becoim^ fertile following th(i two types of mat- 
ings. Th(^ ovary of alfalfa usually contains 10 to 12 ovules arrang(‘d 
alternately tilong the ventral suture in serial ord(»r. The ovules are 
com})aratively uniform in size and, almost without exception, develop 
normal a])j)earing (unbryo sacs. A necessary condition for the devel- 
opment of the seed is that fertilization of the egg within the ovule 
occur. A histological study of the ovary during tlie period immedi- 
ately following comj)l(‘tion of pollen-tube growtli enables one to meas- 
iiic' directly the frecpiency with which f(‘rtilization takes place. Fail- 
ur(' of fertilization can thus be separated from other factors subse- 
(piently afheting fertility. 

Just prior to fertilization tlu' mature ovule is in a quiescent state. 
Ther(‘ is little, if any, evidenc(‘ of nuclear or c(>ll division in any of its 
parts. Th(' ])ollen tube enters the embryo sac betwecai tin' apices of 
tlu! syiuugids and tlu^ egg. In the process of fertilization one male 
gariKde nucleus fus(‘s with the egg nucleus and the otluu* unites with 
th(‘ fusing polar nuclei. Coincindental with fertilization active nuclear 
and cell division is stimulated in the integum(*nts and funiculus and 
thtuo is a considerabh' increase in the size of the ovule within a short 
pc'iiod of time. Th(‘ primary endosperm nucleus has oftentimes di- 
vided twice and there art* four i*ndosperm nuch*i present at the time 
of the division of the zygote. 

The fertilizial ovules at 48 hours after pollination may be distin- 
guished from tliose that ha ve not been f(‘rtilized by the increase in size 
of th(' ovul(». the d(*v(*lopm(*nt of the multinucleati* endosperm, and 
th(* pj*esence of a proiunbryo. If fertilization does not occur there is 
no furtluT development of the ovule, the (unbryo sac collapses and 
ultimat(*ly the entire ovule, so that only a vestige of it remains at the 
later stages of the developing pod (pi. 1, A), 

At 72 hours after pollination pollen tubes, which may be seen at 
C(M*tain earli(»r stages, can no longer be found within \ho cavity of the 
ovary. Fertilization, therefore, has ended, and a legitimate estimate 
of the frequency with which the process occurs after a given mating 
may be made. The rc^sults of an examination of ovaries collected at 
72, 96, 120, and 144 hours after pollination are* presented in table 2 
and depicted graphically in figure 1. The samples collected at the 
difl’erent times provide the basis for four independent estimates of the 
percentage of fertile ovules in each jJant in each of the two series. 

It is evident from table 2 that a much larger proportion of the 
ovules become fertile after cross-pollination than after self-pollin- 
ation. The respective mean values are 66.2 and 14.6 percent. Further- 
more, the values for the two series are separated by a wide gap. The 
most fertile plant in the selfed series, B, shows 21.5 percent of the 
ovules containing a fertilized egg. The least fertile plant on crossing, 
which likewise proves to be B, has over twice as many fertile ovules. 
A statistical examination of the data brings to light additional re- 
lations not otherwise clearly apparent. 



Factors Affecting Seed Formation in Alfalfa PLATE 1 



Af Median longitudinal section of an ovary 72 hours after self-pollination. The 
three apical ovules and the fifth ovule have been fertilized, the latter being in a 
stage of collapse. The remaining ovules have not been fertilized and are in 
stages of degeneration. X 425. B, Median longitudinal section of a portion 
of an ovary showing the tw^o apical ovules 30 hours after self-pollination. The 
second oviile has been fertilized. The pollen tubes are few in number. X 850. 
Cy Median longitudinal section of a portion of an ovary showing the two apical 
ovules 30 hours after cross-pollination. Both ovules have been fertilized. 
Pollen tubes are abundant, especially in the regions of the microfiyles. X 850. 
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Fiuuke 1. — FrcqucMicy of foriilization in individual plants following self-pollin- 
ation and cross-pollination. Data based on ])istils collected at 72, 90, 120, and 
144 hours after ] mill nation. 


'Fable 2. Comparative fertility of ovuleft hi. individual plants following self- and 
cross- pollinations; data based on collections at Off and 144 bours after 
pollination 
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A r(*dii(‘tioii of the pi-esent data in orif^inal form by the analysis of 
variance tecJinique inis^ht prove somc'wliat mish'ading in view of tli(‘ 
fact tliat p('rceTitaj>:('S Jiave diHVr(»nt variance's de'pendin^ on thc'ii- 
values and the Jiumlx'r of obs(*rvations on wliich th(*y are bas(‘d. A 
more exact analysis may be inachi by first transforming the variatc's 
to Q values, according to the method proposed by Bartlett (i) and Bliss 
{2). This transformation has been made, and the analysis of variance 
procedure then applied. The analysis of variance', based on the 
w('ighted corresponding to the observed percentage's of fe'itile^ 
e)vules is presemted in table 3. 


Table S.- Analyfu's of variance based on weighted O’s for fertility of ovale s following 

self- and cross- pollination 
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The first (jue^stion of interest to which an answer may be sought is 
whether the increase in the ])re)pe)rtion of fertile ovules fefilowing cross- 
pollination is actually larger than might arise from random sampling 
alone. Although the number of fieiwers useel and the ])ercentage of 
fertile ovules observed in the self- and cross-pollinated series vary 
rather widely, as may be seen in table 2, it is evident from table 3 that 
tile estimated variances for the two groups, i. e., 0.5087 and 0.7091, are 
similar. The difference, in fact, is nonsignificant, since 7^ = 1. 25, and 
for significance it would have to exceed 2.08. Consequently, these 
estimates may be pooled, giving 0.639 as the estimated variance of a 
single 0 value. This corresponds to an estimated standard deviation 
of 0.709. The weighted mean d's for the two groups are as follows: 

Self-pollination — 0.379, based on 2,147 ovules. 

Cro.ss-pollination — 0.956, based on 1,827 ovules.. 

The estimated standard deviation between these means, therefore, 
is 0.025, from which ^ — 23.1. As this value of t far exceeds the 1-per- 
cent value (2.7) for 42 degrees of freedom, it may be concluded with 
considerable confidence that the self- and cross-pollinated groups 
differ significantly in proportion of fertile ovules. 

The further question may be asked whether the frequency of fertile 
ovules is significantly increased by cross-pollination in the case of 
each plant. Since standard errors for the percentages are not avail- 
able the significance of the differences must be tested on the basis of 
the mean 6 values. These values for the several plants in the self- 
and cross-pollinated series are shown in table 4. The largest standard 
deviation for two mean values f or the sam e plant, but for different 

series, is clearly less that 0.799-^ 1^2”^ 2^^ excessive mini- 
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mal significant (lifference is found by multiplying this by 2.704 (the 
1 -percent value for t, with 42 depees of freedom). The resulting value 
is 0.223. Referring to table 4, it is seen that the smallest aetiial differ- 
ence is 0.278 for plant B. Since this is significant it follows that the 
increase in ])ercentage of fertile ovules on cross-pollination for each of 
the otlier plants is likewise significant. 

Table A.— Mean 6 valuefi and percentage of fertile ovules as estimated by inversion 
from the 0 values for the individual plants in the self- and cross- pollinated series 


A 

a 

(’ 

I) 

i: 

V 

(i 


A similar procedure may be followed in testing whether the dilferent 
[)lants vary significantly in the proportion of ovules becoming fertile 
under eacli of the two systems of mating. It is found that the larg- 
est minimal 5-perccnt clifference is 0.104 and the smallest minimal 
O-percent difference is 0.100. Applying these minimal significant 
dilFerences, it may be stated that, at the O-percent level of signifi- 
cance, j)lants C and D are significantly less fertile than plants A, B, 
E, and F, and tliat tlie latter do not differ significantly from each other. 
Likewise, D does not differ significantly from C or from O. Further- 
more, G is not significantly different from A and F. The e.xact mini- 
mal significant differences between G, on the one hand, and C, E, and 
B, on the other, are 0.118, 0.135, and 0.141, respectively. Plant G, 
therefore, does not differ significantly from any of these plants. The 
comparative fertility relations in the self-pollinated series may be 
summarized as shown in table 5. 
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^Fabi.e - Com parative fertility relations in self- pollinated plaids A to (7 ^ 
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' PlHUt A is siKnlficiiotly lUdrc ft'rtik* than C\ and the latter is signifleantiy less fertil<‘ than F. -f denotes 
sipniflcuntly greater, — significantly less, and 0 nonsigni/itwiw. 


Proceeding similarly it may be shown that in the cross-pollinated 
series, plant B is significantly less fertile than the other individuals, 
and that these latter do not differ significantly from one another. 
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FERTILITY OF THE OVULES IN RELATION TO POSITION 
IN THE OVARY 

A striking fact which is revealed by histological study of the pistils 
of alfalfa following self- and cross-pollination is a declining gradient in 
fertility of the ovules from the apex to the base of the ovary. The 
observations bearing on this point are summarized in table 6 and figure 
2. 1?) the selfed series, about one-third of the ovules in position 1, 



Figure 2. — Porceiitago of fertile ovules according to position in the ovary, fol- 
lowing self- and cross-pollination. Averages based on pistils collected at 72, 
96, 120, and 144 hours after pollination for seven plants. The a|)icale ovule 
is No. 1. 

that is, at the apex of the ovary, become fertile. Only about one-half 
as many in position 5 become fertile, and the frequency declines to 
zero towards the base. 

The fertility gradient follows an almost parallel course in the cross- 
pollinated series, although the proportion of ovules becoming fertile 
in each position is much higher than after selfing. In position 1, for 
example, about 85 percent of the ovules contain fertilized eggs; in 
position 5 the value has declined to about 72 percent, and at the base 
of the ovary about one-third of the ovules become fertile. 

POLLEN-TUBE GROWTH IN THE OVARIAN CAVITY 

The explanation for the difference in the proportion of ovules that 
become fertile after self- and cross-pollination lies, in part, in the 
extent of pollen-tube growth following the two types of matings. As 
mentioned earlier, the position of the ends of only the most advanced 
pollen tubes within the ovariipi cavity can be determined definitely 
by the technique used. This evidence, nevertheless, is sufficient to 
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show clearly that restricted polleii-tube growth is a factor affecting 
fertility after self-pollination. 

TahIvE FeriiUtjj of th(^ ovules in relation to position in the ovary following self- 

and cross- polli nation 

[Data based on collections at 72, 120, and 144 hours) 



.St'lf-polliiitttion of ovules 
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> The apical ovule is No, 1. 


Tlu‘ fK'qiK'Dcy dislribiitioiis of pistils with nderenci' to the fartln»,st 
point of poll(»n-(ub(‘ advance at 110 hours after pollination in the selhul 
and cross(‘d seri(‘S are shown in table 7. Position of the pollen-tube 
tips is record('d in t(‘rins of the i)articiilar ovule n^aclied, 1 being the 
apical ovule. Length is (‘xpressed accordingly in ^‘ovule units.^^ 
The entries in the 0 column relate to pistils in which no ])ollen tubes 
W(»r(^ found within the ovaiy. Tlien* are two possibles explanations 
for these case's. Pntlu'r the polhui tubes were' soim*what tardier in 
d('Velopnient and had not yet (‘merged from the base of the style, or 
the pistils Jiad b(*(‘n so injured duriiu>* castration and pollination that 
normal growth could not occur. It niakt's litth* diffenaice in the 
conclusions to b(‘ drawn lati'T whether thc'se case's are included or 
omitted. Accordingly, th(‘y have been omitti'd from the summary 
columns. 

It will be obs('rv(Ml from table 7 tJiat, in the case of each plant, 
the polh'ii tubes an' fartln'r advanec'd after (*rossing than aft('r selfing. 
Th(' diffc'rence, howevt'r, is much larger in some case's than in others. 
In plant D, selfed, for (*xample, the long(\st ])ollen tube's have advanceel 
on an average only slightly be^vond the second ovule; wlieueas, in the 
cross-pollinated pistils from tins individual, the longe'st tubes have 
reached the tenth ovule. The longeist pollen tubes in plant G, on 
the other hand, are only slightly longer after liybridization than after 
selfing. There is little* doubt, liowtwer, that tlie difference in length 
of the longest pollen tubers in the two series is statistically significant, 
as the comparison in the following paragraph shows. 
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Table 7. — Frequency distribution of pistils with reference to farthest point of pollen- 
tube advance at SO and ^8 hours after self- anil cross-pollination, respectively 
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1 Not inoliKlcd in stiirimary colutnns; relates to instils in which no pollen tubes were found within tlie 
ovary. 


The weighted mean length of the longest i)ollen tubes of the seven 
plants in the selfed series is 414 ovule units, and the estimated variance 
is 13.75 ovule units (b degrees of freedom). In the crossed series the 
(‘orresponding values are 8.1 and 34.34. Since iP"— 2.50, which is less 
than the 5-percent value, the two variances can be pooled, giving 24.04 
as the estimated variance of a single mean. The standard deviation 
is, therefore, 4.90, and the standard deviation of the dilFerence l)etween 
the means of the two series is 0.93. It follows that f ^~3.978. Since 
this value of t exceeds that for the 1-percent point, 3.055, with 12 
degrees of freedom, it may be inferred that at 30 hours after pollina- 
tion the mean length of the longest pollen tubes in the crossed series is 
significantly greater than that in the selfed group. 

An independent series of observations was made on the pollen tubes 
in the pistils collected at 48 hours after pollination. The data are 
presented in table 7. The results, in general, point to the same conclu- 
sion as was drawn above, namely, that following the application of 
pollen of an unrelated individual to a given plant the pollen tubes 
advance farther into the ovary than if the plant in question is self- 
pollinated. It will l>e noted, however, that for plant E, the difference, 
while very small, is in favor of the reverse relation. 

With minor exceptions, the average length of the longest pollen 
tubes is greater at 48 hours than at 30 hours, following both self- and 
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cross-polliiuitioTi. The average increase in length in the two series 
(hiring this interval is 1.5 and 1.3 ovule units, respectively. It is not 
known whether the tubes continue to elongate beyond this period, for 
at the time of the next collection, 72 hours after pollination, they have 
(lisappeared. At 48 hours in the cross-pollinated series, the average 
lengths of the longest tubes indicate that the latter are already at o ■ 
near tlie base of the ovarian cavity. In the selfed senes, on the other 
liand, they are only slightly beyond the midpoint. Even if it be 
assumed that the pollen tubes in the selfed pistils continue to grow 
at the same rate during the 24-lvour interval after 48 hours as in the 
proceeding 18-hour interval it is evident that in the case of plants 



FnajHK 3.- Mciaii k*ngtli unit of the longest ])olk'n tu))esat 4S liours after polli- 
nation in nilation to mean i)osition of the fertile ovules following selfing. 

A, C, 1), F, and G, at least, they would still fall short of reaching the 
basal ovules. 

The mean length of the longest pollen tubes in the selfed series at 
48 hours varies from 3.2 ovule units for plant D to 8.9 ovule units for 
plant E. It is of interest to know whether tliere is a parallel difference 
in the distribution of fertile ovules as determined from the c(dlections 
made al, and following, 72 hours. The mean position of the fertile 
ovules in each plant has therefore been computetl, and the values are 
presented in table 8 and figure 3 in relation to the corresponding data 
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for pollon-tube length. If the seven plants are now ranked in ascend- 
ing order of magnitude for mean length of the longest pollen tubes, 
and in terms of mean position of the fertile ovules, the arrays shown 
in table 9 are obtained. 

Table H.~ -Mean length of longest pollen tubes at 48 hours in relation to mean fertile 
ovule, position at 48 ^ 72y l:Wj and 144 hours after self-pollirtaiion 
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Table 9. Array obtained when the seven plants are ranked in ascending order of 
magnitude for length of pollen tubes and position of fertile ovules 
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St'veral of the diffenuices upon which tin' ordt'i* dt'pends are small 
and of doubtful statistical sipiificance. Consid(‘ring all the data, 
however, a positive relation is suggestt'd bt'twtx'u tin' two sets of 
observations. 

Ovules which an* not reached by polh'u tulx's after st'lfing obviously 
cannot become fertih*. It does not necessarily follow, liowt'ver, that 
the converse relation holds, namely, that ovules to which pollen tubes 
extend usually become h'rtih'. There is litth' known concerning this 
phase of the self-incomj)atibility problem, so that tin' prc'sent data 
from alfalfa bearing on the (|uestion are of much inten'st . 

It may be computcHl from the data in tabh' 7 that at 48 hours after 
self-pollination the longc'st polh'ii tubes have reached at h'ast to the 
apical ovule in 98.5 percent of the 66 pistils examined. The longest 
pollen tubes likewise extend to tin' second ovule, at least, in 94 percent 
of the cases. In other words, 48 hours after self-pollination the two 
ovules at the apical end of the ovary are reached by at least the 
longest pollen tubes in nearly all of tln^ pistils. The p(‘rc(*ntag('s of 
fertile ovules in these two positions, on the other hand, arc' much 
lower. The value for position 1, as may bc' seen in table 6, is 84.1 
percent, and that for position 2 is 27.3 percent. 

In the cross-pollinated series at 48 hours the tips of the longest 
pollen tubes have passed the two apical ovules in all 45 pistils studied. 
In marked contrast with the low values after sedfing, the percentages 
of fertile ovules in positions 1 and 2 in this group are 86.2 and 84.0, 
respectively. If it is shown that the two latter values are significantly 
higher than the corresponding percentages in the sclfed series the 
operation of a factor affecting fertility in addition to pollen-tube 
length 'will have been demonstrated. 



April 1 , 1940 Fdctors AJfecting Seed Formation in Alfalja 465 


"rABLE 10 . — Summary of analysis of variance in terms of 6 values for fertility of the 
first two ovules at the apex of the ovary following self-' and cross- pollination 
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7.541 
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8. 507 


In table 10 arc summarized the results of tlu' statistical analysis, 
the latter again being inadc' on tli(‘ variati's transfornu'd in terms of d. 
Since both the t values are much larger than the 1-percent value it is 
inferred that there is a significantly higher ovule fcTtility associated 
with cross-pollination than with self-pollination in each of the first 
two positions in the ovary. Evidiuitly polhm tubr^s which reaclv an 
ovule after selfing frcrjuently fail to eflect fcTtilization. This conclu- 
sion has been confirmed by direct obsiu-vation of pollen tubes within 
the ovules after the two types of mating. Thei’c is evidence of 
marked stimulation of the tubes in the vicinity of a mici'opyle after 
crossing (pi. 1, C). Following self-pollination, on the other hand, 
polhni tubes frecpiently pass directly by the micropyh^ of an infertile 
ovule without showing any tendency to enter (pi. 1, B). 

COLLAPSE OF FERTILE OVULES 

The development of the fertile ovules arising from the two series of 
matings was followed up to 144 hours after pollination. The a ver*age 
number of cells in the hybrid embryos (including the suspensor) at this 
stage is about 18.0 and, in the inbred embryos, about 14.5. Not all 
the ovules m which development is initiated by fertilization, however, 
continue gr'owth, even during the comparatively brief period of G days 
after pollination. One of the most significant facts the pi'esent in- 
vestigation has brought to light is that the mortality of the ovules 
containing inbred embryos and endosperms is much higher than that 
of the ovules containing hybrid embryos and endospenns. It turns 
out, therefore, that not only ai*e fewer eggs fertilized following self- 
pollination but the relative fertility associated with this type erf mating 
is further lowered by the collapse of many of the ovules in which 
development starts. 

The data on frequency of collapsing fertile ovules in the two series 
as found in tlio pistils collorded at 72, 96, 120, and 144 hours after 
pollination are summarized in table 11 and figure 4. The means by 
which this class of ovules may be distinguished have been described 
earlier by Cooper, Brink, and Albrecht (6). 

Of the 314 fertile ovules observed in the selhul series, 108, or 34.4 
percent, were found to be collapsing within 6 days after pollination. 
The frequencies for individual plants vary from 20.5 percent for E to 
51.4 percent for B. In the cross-pollinated series, on the other hand, 
only 7.1 percent of the 1,211 fertile ovules recorded were collapsing. 

235080—40 3 
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Table 11.— Frequency of fertile ovulea collapsing in seven plants after self- arid 

cross- poll inat ion 

(Data based on collections at 72, 96, 120. and 144 hears after pollination] 
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Furthermore, the percentage of aborting ovules of this class is uni- 
formly low in all the plants. The difference in the mean values is 
highly significant statistically as the computations in the following 
paragraph show. 

The weighted mean 6 for the self-pollinated series is 0.024, based on 



Figure 4.— Percentaige of fertile ovules collapsing during the first 144 hours 
after self- and cross-pollination. 
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314 ovules, and 0.269 for the cross-pollinated group, based on 1,211 
ovules. The standard deviation of the difference between the means 
of the two groups is 0.034. It follows that 10.44, which is much 
larger than the value of t at the 1-percent i)oint, namely, 3.055. 

The relation between position in the ovary and frequency of collapse 
of fertile ovules is shown in table 12. It will be noted that, after 
selfiTig, the proportion of ovules in which development is arrested is 
comi)aratively high throughout. There is probably a tendence, how- 
ever, for the frequency to increase somewhat in the lower positions. 
In the cross-pollinated series the values are fairly constant down to 
the ninth ovule, after which a small increase is shown. Uniform 
gradients siinilar to those associated with fertilization in the two series 
are not in evidence here. 


'I'ahi.e 12.- Friqumry of ovules collapsing in relation to position in the ovary 
following self- and cross- pollination 


I Data ])as(‘(l on collccfions at 72, %, 120, and 141 hours aftor pollination] 
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i Tho apical ovule is No. 1. 


FREQUENCY OF FERTILIZATION AND COLLAPSE OF FERTILE 
OVULES IN RELATION TO THE PRODUCTION OF MATURE SEEDS 

The seven plants used in the experiment formed about 10.5 ovules 
])er pistil, on an average (table 6). It is shown in table 1 that, per 
flow^er pollinated, 4.5 mature seeds were formed after crossing and 0.8 
seed after sclfing. To what extent is the difference between the poten- 
tial and the actual fertility accounted for by the two factors measured, 
namely, failure of fertilization and collapse of fertile ovules? 

Referring to table 2, it may be seen that 14.6 percent of the ovules 
became fertile after selfing and 66.2 percent after crossing. Of the 
ovules which became fertile 34.4 percent containing inbred embryos 
and endosperms collapsed within 6 days after pollination as compared 
with 7.1 percent containing hybrid embryos and endosperms (table 
11). Considering these two factors alone, the expected average num- 
ber of seeds per flower is 1.00 and 6.15 for the two respective types of 
mating (fig. 5). This means that under the conditions of the present 
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experiment about 98 percent of the difference between the potential and 
actual fertility following self-pollination and about 67 percent following 
cross-pollination are accounted for by the lack of fertilization and the 
collapse of fertile ovules during the first 6 days. 
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70 — 



CROSS- SELF- 
POLLINATION 


Figure 5.- — Kffect on fertility of failure of fertilization and tlu* collapse of fertile 
ovules during the first 144 hours after pollination, following selfijig and crossijig. 

DISCUSSION 

In an earlier study of fertility in alfalfa in which the effects of self- 
pollination alone were determined, Cooper, Brink, and Albrecht (6*) 
observed that (1) the pollen tubes frequently fail to reach the basal 
ovules, (2) many ovules remain infertile even though pollen tubes are 
present, and (3) abortion of fertile ovules is of common occurrence. 
These findings, which are confirmed in the present investigation, 
assume added significance in the light of the important additional fact 
now established that if cross-pollination to an unrelated individual is 
substituted for sclfing the fertility is greatly increased. Crossing was 
found to raise the proportion of ovules becoming fertile from 15 percent 
to 66 percent, on an average, and to reduce the abortion of fertile 
ovules during the first 144 hours after pollination from 34 percent to 7 
percent. The higher ovule fertility is found to result from more ex- 
tensive growth of the pollen tubes within the cavity of the ovary and 
an increased tendency for the pollen tubes which reach the ovules to 
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enter the niicropyles and accomplish fertilization. These facts make 
it clear tliat one of the basic plienomcna involved in reproduction in 
alfalfa is i)artial self-incompatibility. 

About live and one-half times as many mature seeds were formed per 
(lower pollinated after crossing as after selling in the seven plants used 
in the present experiment. On the basis of the values given in the 
preceding paragraph for frequency of fertilization and survival of fertile 
ovules up to 144 hours after pollination, crossing would be expected to 
increase the fertility about sixfold. Some additional ovules probably 
collapse after 144 hours, so that an exact correspondence between the 
two ratios is not to be anticipated. The fact, however, that the values 
are of the same order of magnitude lends further weight to the con- 
clusion that the two factors identilied are mainly responsible for the 
increased seed formation on cross-pollination. 

Signilicant diirer(‘nc(‘S between individuals were found in the 
proportion of ovules becoming fertile after self-pollination. The 
('xtreme valines within the seven plants examined W(‘r(‘ 6.7 and 21.5 
percent. In a [)revious inv(‘stigation, Cooper, Brink, and Albrecht (6*) 
found one plant in which 48.7 perccait of tlie ovules IxHuime fertile 
aftt‘r selling. l)oubll(‘ss study of larger populations would disclose 
an even wid(‘i* spread. The concliusions that self-incompatibility in 
alfalfa is only i)artial and varies considerably from plant to plant are 
in accord with tlu^ writers’ obs(*rvations on fertility in larger numbers 
of individuals b(‘ing sedfed in a breeding experiment by hand-tripping 
of the flowiu’s. Randy is a plant found on which no seed is formed 
after s(‘lliiig, although th(‘. yield is often low. Occasional individuals 
occur in which the s(df-fertility is relatively high. It is not known 
in. th(‘se latter cases wh(‘th('r it could b(> iuc.reased by ajiplying pollen 
from unrelated plants. All seven plants in the jiresent experiment, 
how(‘.v(U’, showed a statistically significant increase in percentage of 
f(*rtile ovules on crossing in spite of considerable variation in degree 
of s(df-incompatibility. 

The abortion of fertile ovules, which occurs so freely following self- 
pollination, may be a manifestation of self-incompatibility per se, or 
it may be an inbreeding effect. That is to say, either some of the 
g(‘nes conditioning poll(*n-tube behavior also may tend to cause ovule 
colla[)S(', or recessive gimes at other loci, advtu'stdy affecting early 
development of the zygote and brought togethc^r in homozygous 
condition by the inbreeding, may be responsible. When the data 
in table 2 showing thi^ percentage' of ovules becoming fertile after self- 
pollination in th(‘ seven plants are compared with those in table 11 
showing the frequency of h'rtile ovules collapsing in the same indi- 
viduals, no correlation is apparent bid-ween the two se'.ts of values. 
Examination of the data obtained by Cooper, Brink, and Albrecht {6) 
on another series of alfalfa plants leads to the same result. While the 
evidence is rather limited, it indicates that the collapse of fertih' 
ovules after selling is more likely an effect of inbreeding than a direct 
manifestation of self-incompatibility. 

The fact is well known to those who have had an opportunity to 
observe it that alfalfa is highly variable in reproductive behavior. 
The plant, although blossoming freely, rarely sets seed in many 
geographical areas in which it is satisfactorily grown as a forage crop. 
Even in regions where seed is produced commercially, the yield may 
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fluctuate widely. The reasons for the variability are not yet suffici- 
ently well understood to permit of a general infceri)retation of this 
behavior. Meanwhile, however, the implications of partial self- 
incompatibility may be examined. 

The followiiig two deductions of direct significance for an under- 
standing of seed formation in alfalfa may be drawn from the evidence 
presented above: (1) The potential fertility of a plant will usually, 
if not always, fall far short of complete realization if self-pollination 
alone prevails. Under uniform environmental conditions the degree? 
of self-incompatibility varies widely from plant to plant in alfalfa, 
as it docs in many other self-incompatible species {11). The fertility 
of the ovules was markedly higher following cross-pollination, however, 
in each of the cases in which a direct comparison was made in the 
present study. The degree of self-incompatibility of a given genotype 
may also vary according to external conditions judging from the 
behavior of other self-incompatible species {11)\ but whether the 
environment can ever shift the reaction of an alfalfa, plant to its own 
pollen so that the usual advantage of crossing disappears remains 
to bo shown. 

(2) If, on the stigmas of a given plant, the hitter’s own pollen is 
pres(int along with that from an unrelated })]ant, under condi- 
tions favorable for germination, the pollen from the unrclat(‘d 
plant will probably have a large advantage in effecting fertilization. 
This point is of particular significance for alfalfa since in conformity 
with the structure of the flower, the stigma usually receives a copious 
amount of pollen from the anthers encircling it even before the flower 
opens. The validity ol this conclusion rests on (a) tin? observed fact, 
that, following crossing, the pollen tulies not only grow more rajiidly 
and extend farther into the ovarian cavity than after selfing but they 
also show a greater tendency to enter the micropyles and efiect 
fertilization in the ovules reached and on (b) the applicability to 
alfalfa of the rule East and Park (7) established for self-incompatible 
tobaccos that mixe^d self- and cross-pollination does not inert'ase self- 
fertilization. 

The discovery of partial sclf-incoinpatil)ility brings into sharp relief 
another phase of the fertility problem in alfalfa, namely, the means 
by which pollen produced by one plant gains access to the stigma of 
another. Carlson {5) and Hadfidd and Calder {9) have observed 
pollen on the standards of untripped flowers in the field. Doubtless 
much of this is brought from other plants by air currents and insects. 
When a flower trips, some of the pollen on the standard may be cap- 
tured by the stigma and cross-pollination thus be eflTected. The ques- 
tion becomes perplexing, however, when regard is given to the findings 
of Carlson {5) that, under Utah conditions, alfalfa commonly sets seed 
without tripping of the flowers. Brink and Cooper {S) found the same 
conditions prevailing under unusually hot and dry weather at Madison , 
Wis., in 1936. Possibily the degree of self-incompatiDility is lowered 
by the conditions of growth in these cases and much self-fertilization 
occurs. It seems more probable, however, that pollen from other 
plants gains access to the stigmas of untripped flowers by some means 
not yet described. Brink and Cooper {3) observed pollen germinating 
within untripped flowers and pollen tubes entering the styles, even in 
the late bud stage. Almost certainly the pollen functioning in the 
latter cases was from the same respective flowers. Conceivably, this 
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early seli-pollination initiates wilting of the corolla and stimulates 
development of the pistil so that the stigma becomes exposed to pollen 
from other flowers. Since after selfing, the pollen tunes grow more 
slowly and fail to fertilize the eggs in many of the ovules, the pollen 
from other individuals might largely prevail in fertilization in spite of 
its later start. Obviously, this question requires further investigation. 

SUMMARY 

Following sclf-pollina.tion under greenhouse conditions only 14.6 
percent of the ovules of alfalfa become fertile, on an averagi', as com- 
pared with 66.2 percent after cross-pollination on the same plants. 

Individuals vary significantly in the j)roportion of ovules that be- 
came fertile after selfing. The variability is less after cross-pollina- 
tion. 

Most of the fertile ovules resulting from self-pollination are in the 
apical half of the ovary. A ratlier uniform gradient in fertility occurs 
from the apeX downwards, the ovules in the lowermost positions rarely 
containing fertilized eggs. 

A paiallel gradient in fertility is found after cross-pollination, al- 
though the proportion of ovules becoming fertile in each position is 
much higher than after selfing. 

Pollen-tube growth, as determined by the position of the tips of the 
longest pollen tubes at 30 hours and at 48 hours after pollination, is 
more rapid in cross matings than after selfing. 

It is probable that the basal ovules in the ovary are seldom reached 
by pollen tubes after selfing. Following cross-pollination the tubes 
usually grow to the base of the ovary. 

in the self-pollinated series there appears to be a positive, although 
not high, correlation between mean length of the longest pollen tubes 
and mean position of the fertile ovules from plant to plant. 

The low fertility of the ovules following self-pollination is due only 
in part to restricted pollen-tube growth. Direct observation confirms 
other, more general, evidence adduced that frequently after selfing 
the pollen tubes pass directly by the micropyles of ovules containing 
unfertilized eggs. 

About one-third of the fertile ovules in the selfcd series were found to 
be collapsing in the pistils collected at 72 to 144 hours after pollination 
as against only 7.1 percent in the crossed series. 

Taking into consideration the differentials both in proportion of 
ovules becoming fertile and proportion of fertile ovules collapsing, the 
net fertility at 144 hours after pollination is about six times as high 
in the crossed series as in the selfed series. 

The partial incompatibility associated with self-pollination and the 
high incidence of abortion of ovules containing inbred embryos during 
the first 6 days after pollination appears sufficient to account for most 
of the difference in seed production following selfing and crossing. 

Under the conditions of the present experiment about 98 percent 
of the difference between the potential and actual fertility following 
self-pollination and about 67 percent following cross-pollination ar(» 
accounted for by the frequency of fertilization and the collapse of 
fertile ovules during the first 6 days. 
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SOME FACTORS IN LAMB PRODUCTION ASSOCIATED 
WITH SIZE AND TYPE IN MUTTON SHEEP ' 


J^y (lEOIKJK A. Hkanamaisi - 

Research nssistanl in animal hvshaiidryj Michigan Agricultural Experiment Station 

INTRODUCTION 

Ainontr tlio difforeiit broods of slioop thon^ aro markod difforoncos in 
soalo, woi^lit, confoi'ination, and floshing (|iialitios as well as in wool 
prodiudion. Tho faodors of rapid growth and desirablo mutton typo 
rocoivo primary considoi'ation from most growers of the mutton 
broods, wiioroas brooders of lino-wool shooi) pbico groat omphasis on 
tho llooco. Wostorn range men ondoavor to maintain heavy wool- 
producing qualities in the owe flock with a prodoininanco of line-wool 
brooding while raising an ac(‘optablo lamb for slaughter or feeding 
purposes by the use of various breeds of mutton-type rams. Farmers 
in tho Ck'nt.ral West desiring to purchase breeding ewes usually lind 
greater numbers and more uniform selection among western ewes 
than among native ewes, and consequently they are confronteMl with 
I he prol)lem of the type and breed of ram to use. 

Considerable data are available on the various methods of brt^eding 
for early spring lambs in the East (7, 9^ UJ);^ for early California 
lambs to be shi[)ped to New York and other eastern markets (/S), 
and for tlie pnxluction of the large western lamb crop (/, (S', /O, 11): 
yet tiiere is little information on (*ertain phases of lamb |)roduction 
in the Central West ^ 3). Few records have been made of com- 

I)a-rative feed consumption of large and small ewes and their lambs in 
the course of the year ^ {9y 10 ^ 15), as practically all data, are computed 
on a per lamb or per ewe basis with little or no regard to returns for 
feed consumed. In fact, as Hunt (9) points out in some of tlie tests 
referred to, if feed consumption were on the approximate basis of 
weights of the ewes, the interpretation of results quoted by the 
authors might be doubtful, or in many cases reversed. Records of 
carcass yields, in(*luding boned edible meat, for various types and 
sizes of lambs, are also lacking. Because of this scarcity of data a 
study was made at the Illinois Agricultural Experiment Station in 
which various factors in lamb production associated with size and type 
of sheep were considered. 

> lioccived for publicatiou 0(!t()ber 21, 1939. This paper is par(, of a thesis presented to the Graduate 
School of the University of Illinois in iwirtial fulfillment of tho requireinents for the degree of doctor of phil- 
osophy. The work heroin described was done at Illinois while the author was on leave of absence from the 
Michigan station. The paper is presented as a contribution from the Illinois Agricultural Experiment 
Station. 

* The author Is especially indebted to Prof. H. P. Husk of the University of fllinois for suggastions and 
guidance in the conduct of this study. Grateful acknowledgment is also made for the generous cooperation 
and assistance in the experimental procedure by members of the following divisions in the Department of 
Animal Husbandry, Animal Nutrition, Meats, and Sheep Husbandry. Additional assistance in certain 
jihases through the Work Projects Administration Project No. SOO.*)? is likewise ai)preciated. 

* Italic numbers in parentheses refer to Literature Cited, p. 480. 

* Kiser, O. M., Christclku, II. J., and Winters, L. M. summary of sheep brkeuino investioations 
AT THE NORTHWEST SCHOOL, CROOKSTON, 1934-37. Minn. Agr. Expt. Sta. Mimeographed Rpt. 1937. 

* See footnote 4, 
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OBJECTS OF INVESTIGATION 

III these tests one of tlie largest mutton breeds, the Hampshire, was 
compared with one of the smallest mutton breeds, the Southdown. 
Other tests were made in which rams of the two breeds were mated 
with, similar groups of western ewes. In these cases, rams of a breed 
intermediate in size, the Shropshire, were also used. 

The objects of the investigation may be summarized as follows: 
(1) To determine the comparative total feed requirements for the 
production of market lambs from sheep of large tmd small mutton 
breeds; (2) to compare the digestive efficiency of sheep of the differ- 
ent groups; (;i) to study methods of measuring meat values in iambs; 
(4) to compare yield and quality of meat from lambs of the two 
groups; (5) to compare the efficiency of rams of different size and 
breed for sirhig market lambs from grade western ewes under Central 
States conditions; and (0) to compare fine-wool type and crossbred- 
type western ewes under such conditions. 

TESTS WITH PUREBRED LAMBS OF LARGE AND SMALL 
MUTTON BREEDS 

Twenty Southdown ewes were purchased in Kcuitucky, 10 from each 
of two breeders. Five ewes were 2-year-olds and the others were 
yearlings. Twenty Hampshire ewes wore purchased at tlie stock- 
yards in Evansville, Ind., where they had been sent for sale from a 
ranch in Utah. They w^ere 3 yemrs old. The ewes in each group 
were purebred and were considered by members of the Animal Hus- 
bandry Department to be typical of the two breeds. The average 
weight of the Southdown ewes was 109 pounds and that of tlie Hamp- 
shire ewes 153 pounds. The lightest Southdown ewe weighed 94 
pounds and the heaviest 123, while the lightest Hampshire weighed 
140 pounds and the heaviest 175. 

The ewes were mated with purebred rams of the respective breeds, 
each of which had proved to be a good sire in the university flock. 
The Southdown ram was 6 years old, weighed 149 pounds, and was 
considered by sheepmen to be typical of the Southdown breed. The 
Hampshire ram w’as similar in age, of good type, and weighed 230 
pounds. 

METHOD OF PROCEDURE 

Feed records were kept on each group of ewes from September 7, 
when breeding started, until the lambs were slaughtered. Feed for 
the dry period, to complete the yearly record after the lambs were 
slaughtered, was estimated on the basis of that required to maintain 
body weight during the first 8 weeks of pregnancy. Com silage and 
alfalfa hay constituted the ewe ration, except during the latter part of 
pregnancy and during the nursing period, when grain was added. A 
mixture of bonemeal, limestone, and salt was available. 

All lambs were bom between January 30 and March 7, 1938, the 
average birth date of the Southdown lambs and of Hampshire single 
lambs being Febmary 17, and that of Hampshire twin lambs February 
14. For various reasons, such as death of ewes or of lambs, injury, 
failure of milk supply, or slaughter of finished lambs, it was necessary 
to remove individpals from time to time; and the feed was calculated 
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on the per head basis for each 14-day period. There were 14 Hampshire 
twins, 7 single lambs, and 14 Southdown single lambs on which com- 
plete feed data were obtained by lots. 

A creep was arranged in each pen so that the lambs could go to the 
feed as they desired, although it was not allowed to accumulate before 
them. The same mixture, composed of corn, oats, and linseed meal, 
was fed each lot. The feed mixture was changed from time to time by 
increasing the corn content and later adding some cut alfalfa hay. 
'Jlie lambs ate some feed with the ewes in addition to that offered in 
the creep. Since all rations were from the same feeds in similar i)ro- 
portions, repeated chemical analyses were not made; however, one 
analysis was made of representative feeds used. The total digestible 
nutrients were estimated from Morrison’s tables ( 14 ) for the kinds of 
feed used. This wuis done to convert all feeds to one unit of measure 
for approximates comparisons. 

Time of reaching market finish, and average monthly changes in 
lamb prices by grades for 3 years, based on reports of the Bureau of 
Agricultural Economics of the United States Department of Agricul- 
ture, were considered in connection with the other factors. Previous 
shearing dates for the ewes were unknowm, making study of wool 
production impossible. 

The lambs were slaughtered w^hon they reached a choice market 
liiiish, as judged by appearance and handling qualities. Physical 
and cliemical analyses of the carcasses w^ere made for two reasons, 
namely, to determine whctlier slaughter had been done when the two 
groui)s of lambs were similar in finish and to measure differences in the 
yi(4d and quality of jueat. Content of the digestive tract and W(‘ights 
of body j)arts w^ere obtained at slaughter. The various carcass cuts 
were made and the right half of each carcass was separated with the 
knife into boiu', lean, and fat. Some measurements wa're made to 
determine the relation of size of eye muscle in the loin and rib cuts to 
quantity of lean in the carcass. Measurements of color of lean in the 
rib eye were made with a s])ectrophotometer, showing the dominant 
hue or j)riniary color, wulh its degree of i)urity and brightness. Chemi- 
cal analyses were made of dry matter, ether (extract, and total nitrogen 
in the total lean and total fat of the half carcass. Measurements of 
color W'ore made by the Division of Meats and chemical analyses by 
the Division of Animal Nutrition, of the Univeristy of Illinois. 

No data could be foimd to prove or disprove, among other things, 
the frequently expressed opinion that larger sheep handle roughages 
more efficiently than smaller sheep. Consequently, trials were con- 
ducted wutli six sheep of each breed 12 months old to compare efficiency 
in digestion of a full-fed ration of equal parts of grain and hay. The 
average weight of the Southdown sheep was 82.7 pounds, and that of 
the liampshires 135.3 pounds. 

Digestion data were also obtained with 20 pairs of Hampshire- 
sired and Southdown-sired grade lambs from this experiment. These 
lambs were fed at or slightly above maintenance level on approximately 
equal parts of grain and liay. The weights of the pairs were more 
nearly alike than in the test with purebred sheep. These tests were 
conducted in the animal nutrition laboratory in digestion crates similar 
to those described by Forbes (6), Collections were made over 10-day 
periods after preliminary periods of 10 days. 
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RESULTS 

Statistical analyses of data were made according; to Fisher’s (5) 
metliod for small numbers, in which values for P of 0.01 or less ar(' 
oonsid(»red highly significant and values between 0.01 and 0.05 an^ 
c-onsid(Ted significant. 

Purebred Hampshire ewes, averaging 153 pounds in weight wdien 
bred, maintained their weights in a similar manner to purebred vSouth- 
down ewes averaging 109 pounds, when fed 50 percent more feed than 
w^as allow(»d the Southdown ewes during the first 8 weeks of pregnancy. 
Ilampshires showed a stronger tendency to increase f(>ed consumption 
and to gain in body weight when full-fed similar rations during the 
remainder of the pregnancy period, although fatness was similar in the 
two groups. Average weights before lambing were 1 70 and 1 1 2 pounds 
respectively, or approximately 50-percent greater weiglit for the Hamp- 
shire ewes than for the Southdown ewes. Among the 20 Hampshire 
(^wes, there were born latcu* 9 sets of twin lambs and 1 s(*( of triphds, 
whereas there were only 2 sets of Soiitlidowm twins from tin* 20 South- 
down ewes. 

For maintenance during the y(‘.ar and for d(‘veloping a desirabh' 
market lamb weighing 80 ])ounds, a Hampshire (‘we and single hunb 
ate about 50 percent more alfalfa hay and corn silage and practically 
the same quantity of concentrate's as did a Southdown ('W(‘ and hunb in 
develo()ing a lamb weighing 66 pounds (table 1). 

"rAHLK 1.- Feed cornu tned htj purehred ewes and lambs during various periods anti 

for the year 


IiaiiU>s 1111(1 period 

Alfalfa 

hay 

(’orn 

silagi' 

SlK'lled 
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\Vh(>at 

bran 

T.ins(‘(‘(l 

meal 

Southdown (!wo (avc’niico of 14; sinjfle 
lanib); 

Brcedinij and iiroKuaiit, 108 (lays 

Nursing:, 150 days 

l)ry, 41 (lavs 
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241 

214 

62 
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62 
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137 
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21 

21 
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- ■ 
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' 22 
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Lamb- 

Total for ewe and lamb . 

1 Lampshire ewe (average of 7; single lamb) : 
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Nursing, 110 days - 

Dry, 87 days- 

Total for tlui year ((*wc) 
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total for the year 

429 

647 

189 

68 

6 

30 
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The calculated total digestible nutrient content of the total feeds 
oaten per ewe and lamb was approximately 30 percent higher for the 
Hampshire ewe and single lamb than for the Southdown ewe and lamb, 
as indicated in table 2. 

''J’able 2, — Total digaatihlc nulrknl require meiil for purebred ewes and lamhs^ per 
lamb and per nnit of body weighty including the ewe*s requiremeid for the year 


llclll 

Average 
! feet-lot 
final 
w(‘ight > 

Total digestible nutrients i)er — 

J.fUiib 

Hundred- 
weight of 1 
final 1 

weight 

Unndred- 
weight of 
chilled 
(rftrenss 

Hundred- 
w'oight of 
careass 
lean 

Soiitlulovvii sinplc - 

llumpsliirr single . - 

Tlniupshirc twin . 

Averapo Unmpsliiro lamb from - 

1 sinplo, 2 twins, or l.'iO peroont crop 

2 singles, 1 twin, or I2t) iK-rcent crop 

Pounds 
(if). 57 
K5. 93 

54. 43 

84.93 

85. 43 

Pounds 
(i43 1 
848 1 
551 

659 

749 

l^ounds 

980 

‘187 

653 

764 

876 

Pounds 

1,960 

2,014 

1,396 

1,602 

1,808 

Pounds 

3, (m 
4, 143 
2, 5.56 

3. 085 
3, 614 


1 AvtvraK<‘s of 14 Southdowns, 7 sinirlc, and 14 twin Ihimpshiros. 


The av(u*age slaughter weight of Southdown lambs at an average 
age of 104 days wtis approximately 20 pounds lighter than that of 
Hampsliire lambs when 117 days of age, although the finish was fully 
as good if not slightly better in the Southdowns. 

iMore hay and silage were required ])er hundred pounds of single 
Hain])sliire lamb produced, on account of the much larger amounts 
eaten by the ew^es, especially during the dry period ; while more con- 
centrates were re(|uired per hundred pounds of Southdowni single 
lamb, on account of the longer nursing period of the ewes and growth 
period of the lambs. 

The estimated total digestible nutrients required for each hundred 
poinids of final feed-lot Iamb w^eight were practically the same for 
Southdown and Hampshire single lambs (table 2). 

Slightly higher yield of dressed carcass for Southdown lambs gave 
them about a 3-percent advantage in total digestible nutrient require- 
ment for each hundred pounds of dressed carcass as compared with the 
Hampshire single lambs. 

A still higher yield of lean meat in the carcass gave the vSouthdown 
lambs a 13-percent advantage over the Hampshire singles in digestible 
nutrient requirement per hundred pounds of lean meat. 

A Hampshire twin Iambus feed and its half of the mother’s yearly 
feed w^as only slightly lower in concentrates but only half as high in 
alfalfa hay and silage as that of the Hampshire single lamb and its 
mother. Slightly less concentrates and about 20 percent less of the 
roughages w ere required than in the case of the Southdown single lamb 
and its mother. 

The estimated total digestible nutrient content of the total feeds 
eaten per Hampshire ew-e and single lamb was approximately 55 per- 
cent greater than that of the twin lamb and its half of the mother’s 
feed. Nutrient requirement per hundred pounds of finished lamb 
weight was 50 percent greater for either the Hampshire or Southdown 
singles than for the Hampshire twins. 
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On the basis of the dressed carcass yield, Hampshire singles required 
45 percent more total digestible nutrients than twins. On the basis of 
lean-meat yield, Hampshire singles required 62 percent more nutrients 
than twins, while Southdown singles required 41 percent more than 
the Hampshire twins. 

On the basis of total digestible nutrient requirement per hundred 
pounds of lean meat, a Hampshire lamb crop of one pair of twins to 
each four single lambs, or a 120-percent lamb crop, would be neces- 
sary to equal a Southdown lamb crop of all single lambs. A sum- 
mary of unpublished data from the University of Illinois sheep flock 
over an 18-year period shows that for each 100 Hampshire ewes, 148 
lambs were born; while for each 100 Southdown ewes, 122 lambs 
were born; or for each 100 Southdown lambs, 122 Hampshire lambs 
were born. 

Hampshire single lambs born in February were ready for market in 
June at an average age of 117 days, while Hampshire twin lambs and 
Southdown single lambs born at the same time were not ready until 
middle or late July, at ages of 155 and 164 days, respectively. Aver- 
age feed-lot weights were as follows: Southdown singles, 65.57 
pounds; Hampshire singles, 85.98; and Hampshin^ twins, 84.43. 

The average Southdown lamb was graded Top Choice both on 
foot and in carcass, while the average Hampshire was Low Choice in 
grade in both cases. 

According to Chicago lamb quotations by grades for the years 
1986, 1937, and 1938, as shown in table 8, the average price advan- 
tage of Low Choice Hampshire single lambs in June was about $1 per 
hundred pounds as compared with Top Choice Southdown single lambs 
in late July or early August. Low Choice Hampshire twin lambs 
ready for market about the same time as Southdown shigle lambs 
were worth slightly less than the Southdown lambs because of lower 
grade; and they were worth fully $1.08 per hundred pounds less than 
Hampshire single lambs because of lower prices in July than in June. 


’■J'abIjE 3. — Chicago prices per hundred pounds of live lambs by grades^ expressed as 
nioriihly averages for 1986 -88 


Month 

Choice 

(lood 

Medium 

Plain 


$11. ;i7 

$10. 86 

$10. 13 


June . 

11.26 

10. 74 

9. 89 

$8. 44 

July- 

10.18 

9. 63 

8. 68 

7.60 

August. - 

9. 95 

9. 48 

8. 52 

7.27 

September — 

9.64 

9.16 

8.13 

6. 86 

October — 

9.23 

8. 82 

7. 85 

6. 60 

November - 

9. 33 

8.91 

7.96 

6.68 


The greater the proportion of twins among the Hampshires, the 
greater the saving in feed per hundred pounds of lamb, although a 
lower average selling price would be expected since fewer single lambs 
were ready for the early market. 

Lambs born in March instead of February and growinjg at a similar 
rate would be ready for market a month later than those in this experi- 
ment. In such cases the price of Hampshire singles in July, on the 
basis of prices during the last 3 years, would be about 20 cents higher 
than that of Southdown singles in August-, as compared with $1 
difference in price a month earlier. 
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Higher yield of boneless meat from each hundred pounds of live 
lamb made Southdown lambs worth $11.13 when Hampshire lambs 
were worth $10 per hundred pounds. This would be fully as great an 
advantage for Southdown lambs in a discriminating market as the 
price advantage for Hampshire lambs if sold on the June market. 

The content of the digestive tract in the feed-lot was 2.73 percent 
more for Hampshire lambs than for Southdowns on the basis of empty 
body weight. Other offal and byproducts at slaughter were also 
higher for irampshirc lambs, resulting in 2 percent more warm carcass 
yield for Southdowns on the basis of empty weights, and 3.04 percent 
more chilled carcass on the basis of slaughter weight. Both of these 
differences were highly significant according to Fisher’s method 
for small numbers. 

Numerical differences in average percentages of retail cuts as pro- 
portions of the carcass were small, ranging from 0.03 to 0.01 percent, 
and were not statistically significant. Average total percentages of 
the four major cuts, leg, loin, rib, and shoulder, were 73.40 and 73.20 
for Southdowns and Hampshires, respectively. 

Average content of bone in the right half-carcass was 3.28 percent 
higher numerically in the Hampshire carcasses than in the Southdowns, 
a highly significant difference. Bone content of each retail cut and 
bone trim in the car(*ass were significantly higher for Hampshire 
lambs. (Table 4). 


"FABiiK 1. SI at i ad cal hf signijicant diJlfcrcvces^ in cov\posilii>n of carcastics aitd cals 

from purebred lambs 


r»»r(ion of cHroass 

Average compo- 
sition 

T)i1Ter- 
ene(‘ in 
favor of 
South- 
down 

Standard 
error of 

t value 1 

Significance 

South- 

down 

Hamp- 

.shire 

differ- 

ence 

Hone in ri^dit half of carcass 

Percent 

13.05 

Percent 
10. 33 

] Percent 
-3. 28 

0. 5()38 

5. 818 

High. 

Bone in trimmed right-side cuts; 







Leg _ 

12.90 

10. ,5.3 

-3. .57 

.4807 

7. 425 

Do. 

Loin.. 

l().:i:i 

12. 51 

-2. 18 

. 7405 

2. 95 

Do. 

Rib 

to. 94 

20. 13 

~3. 19 

1.074 

2. 97 

Do. 

Shoulder , . 

13.01 

10.94 

-3. ,33 

.751 

4. 44 

Do. 

BreiLst.. - _ 

12.58 

10. 73 

-4. 15 

. 709 

5. 8,5 

Do. 

Shank. . 

31.44 

40. 48 

-9. 04 

1.333 

0. 78 

Do. 

Bone trim as proportion of (farea.ss 

1.51 

1.89 

-.38 

.0097 

6.452 

Do. 

T^ean meat as proiiortion of trimmed 
right-sid(3 cuts; 







Leg 

00. 55 

04. 40 

2.09 

1.017 

2. 055 

Significant. 

Rib 

.52.07 1 

49.15 

3. 52 

1.019 

2.17 

Do. 

Shank 

49. 99 

40.44 1 

3. 55 

1.131 

3.14 

High. 

Selected lambs: 2 

Lean meat as proportion of: i 







Right-half carcass 

Trimmed right l(‘g 

5.5.89 

5.3. 0,3 

2 20 

.936 

2.41 

Significant. 

or. 2() 

05.33 1 

1.87 

.780 

2. 40 

Do. 

Fat as proportion of right shank 

10. 70 

11.80 

4.90 

1.009 

4. 856 

High. 

Lean and fat as proportion of right 







half of carcass 

80. .50 

76.79 

3. 71 

. 5380 

0.888 

Do. 


1 Ftsher (S, table ZD: 

2 10 Southdown and 15 Hampshire lambs intermediate in fatness. 


Yield of boneless meat was, conversely, higher for Southdown 
lambs, averaging 3.71 percent above that m Hampshire lambs — a 
highly significant difference. 

Average content of mechanically separable lean was 1.9 percent 
higher in the half carcass of Southdown lambs, but the difference was 
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was Tiot sigiiificaiit when all lambs were included. When extremely 
thin and fat carcasses were excluded, averages of 10 Southdowns and 
15 Ilampsliires gave a difference of 2.26 percent, which is significant. 
Average content of lean as percent of the trimmed cut was signifi- 
cantly higher for Southdowns in the leg, rib, and shank only when 
all lambs are considered. 

Average fat content separated with tlie knife was not significantly 
different in the half carcass or in any cut except the foreshank. 
South do vrn half carcasses averaged 1.81 percent higlier in fat, and they 
were liiglier in all cuts except carcass trim, loin, and rib. If fat trim 
were added to the other carcass fat, Southdowns would be only 1.2 
percent higher in fat content than Hampshires. 

Average area of eye muscle on the anterior surface of tlie loin cut 
as measured with a planimeter was not significtintly different for J 1 
Southdown lambs and 12 Hampshire twin lambs measured. 

Correlations were high between area of loin eye muscle and wdglits 
of each of the following parts among Hampshire lambs, or Ham])slure 
and Southdown lambs together: Right half carcass, lean in the half 
carcass, loin eye muscle, loin lean, and rib eye muscle. (Correlation 
of area of loin eye with weight of Southdown loin eye, and lean in the 
half carcass, and with Hampshire rib lean was significant in each 
case, but not liighly so. 

Color readings on the rib eye muscle bv means of a spectrophoto- 
meter, giving wave lengths for hue in millimici’ons, and percentages 
of brightness and purity, showed no differcnc<‘s l)etween the two 
groups of lambs, but indicated a relatively bright pinkish red color 
as seen by the eye. 

Dry substance and ether extract each averaged slightly higher in 
the boneless meat of Southdown carcasses than in that of Hampshire 
carcasses, but the differences were not statistically significant. Wlien 
divided into content of lean and of fat separately, there were significant 
but small differences in total nitrogen of the lean, and in dry substance 
and ether extract of the fat, the difference favoring Southdowns in 
each case. Both physical and chemical analyses of the carcasses 
indicated a similar degree of finish in the Southdown and Hampshire 
lambs. 

Apparent digestibility of a full ration of equal parts of corn and 
hay by six pairs of purebred Southdown and Hampshire yearling 
sheep was similar except for the total nitrogen, as shown in table 5. 
An average of 60.2 percent of the total nitrogen was digested by the 
Hampshires as compared with 55 percent by the Southdowns, a highly 
significant difference. Each Hampshire excelled its pair mate in 
the use of nitrogen and also in most cases in the use of other nutrients. 
Average coefficients of digestibility for dry matter, crude fiber, and 
gross energy^ were higher for the Hampshires, but differences were 
not significmit. Feed consumption by three pairs of lambs when 
full-fed during a 3-week preliminary period was foimd to be on the 
basis of the three-fourths power function of the body weight. These 
results foimed the basis of feed allotment and the other six lambs 
were paired satisfactorily on a similar basis. 
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Table b. - tiuimnary of digestion coefficwnla for purebred lainhs 12 months old, 

/till- fed 


an<l sax of animals 

Weight of 
sheep 

Average 

Digestion ooeflleient of 


daily 

feed 

Dfy 

matter 

Gross 

energy 

Crude 

fiber 

Total 

nitrogen 

Southflowns: 

l^undH 

Grams 

Percent 

Percent 

Percent 

Percent 

A'l.ram - 

71 

840 

69.8 

08. 0 

42.8 

54.7 

n ewo 

80 

920 

71.0 

70.2 

39.7 

50. 0 

ewo . . . 

88 

988 

09. 0 

08.4 

30. 0 

55. 2 

I)-7, awa . 

71 

780 

70.3 

09.2 

38. 3 

57. 2 

K 9, awe .... 

91 

944 

09. 3 

08. 0 

39. 1 

54.4 

F-n,awa... . 

9.5 

852 

()7. 0 

05. 0 

33.1 

52. 0 

Average 

82.7 

887 

09. 5 

08.3 

:i8.2 

55. 0 

Uampshires: 

A 2, ram . 

1.5.5 

1,512 

73.2 

71.8 

43.2 

04.1 

a 4, awe_ 

1.‘12 

1, 340 

72. 1 

70. 7 

43. 9 

58. 4 

r», awe 

14:i 

1. 420 

70.8 

70.0 

40.0 1 

58. 9 

D 'H, ewe 

118 

1.144 

09.9 

08.2 

38 2 I 

01.9 

E-12, ewe 

139 

I 1. 290 

70. 4 

68.9 

40.5 

59.9 

F- 10, ew e 

125 

1 1, 048 

08.9 

07. 8 

37. 0 

58. 3 

A v(.‘rage . 

135.3 

1.293 

70.9 

09.0 

40.6 

00.2 

Mean difTerenee 

I 52. 0 j 

400 

1.38 

1 1. 23 

1 2.4 

5. 23 

Oiie-hnlf P by Fisher’s metlK»d for small ; 



.07 

.125 

1 .097 

. 005 

numbers. ! 

Signifleanw 

! 


None 

None 

! None 

1 

High 

1 


There was no significant difference between So utli down-sired 
grade lambs and Hampshire-sired lambs from similar ewes in ability 
to digest a maintenance or slightly above maintenance ration of equal 
])arts of grain and hay. These 20 pairs of lambs were fed on the 
basis of tlie 0.74 power of body weight, wliich is in line with suggestions 
by Kleiber (12) and by Brody, Proctor, and Ashworth (.0. The 
Southdown-sired lambs averaged 79.5 and the Hampshire-sired lambs 
09.5 ])ounds in weight, which is contrary to expectation in the case 
of purebreds of the two breeds. While the heavier lambs tended to 
be more efficient, the differences were not statistically significant. 

TESTS WITH LAMBS FROM GRADE WESTERN EWES 

In the Dixon Springs project, located in Pope and Johnson Counties 
in southeastern Illinois, a program supervised by the University of 
Illinois in cooperation with the United States Government is being 
(ieveloped in an effort to establish pasture grasses on the worn-out 
land typical of some of that in several States. A flock of 360 western 
ewes was available in this area for the production of lambs to be 
raised under southern Illinois conditions. 

One group of 112 2-year-old ewes was apparently of predominant 
Merino or Rambouillet breeding and originated in Montana. Another 
group of 248 white-faced ewes originating in the State of Washington 
Iiad the appearance of sheep sired by long-woolod rams and out of 
fine-wooled ewes. The crossbred ewes averaged 104 pounds in weight 
in September as yearlings, as compared with 92 pounds for the 2- 
year-old fine-wooled ewes. 


236080—40 4 
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METHOD OF PROCEDURE 

The fine-wooled and crossbred ewes were in each case divided into 
three lots as nearly uniform as possible according to weight, con- 
formation, fleshing, fleece, and other characteristics commonly con- 
sidered in breeding ewes. Throughout the experiment all ewes were 
either fed and pastured togetlier as one flock or else the rations and 
management were as nearly identical as possible. Earns of the three 
breeds — Hampshire, Shropshire, and Southdown — were placed with 
tlie respective lots of ewes on September 10, 1937. The three Hamp- 
shire rams were yearlings, weigliing 158, 160, and 162 pounds; the 
Sbropshires were also yearlings and weighed 135, 144, and 159 pounds; 
one of the three Soiitlidowns was an aged ram weighing 160 pounds 
and the other two were yearlings weighing 118 and 132 pounds, 
respectively. 

On July 25, 1938, 72 percent of all wether lambs were sold on the 
Cliicago market. The remaining wctliers were weaned shortly 
afterward and fed grain on pasture until marketed on October 17. 
The ewe lambs were weaned August 8, and were weiglied and graded 
at the fann by a lamb salesman from a Chicago livestock commission 
firm. They were not marketed, but market weight was estimated 
from the shrink on the wether lambs. 

Complete data concerning weights and live and carcass grades 
were obtained on the wether lambs on the market and in Armour’s 
and Swift’s })ackmg houses. Each lamb carcass was graded by the 
supervisor of Federal meat grading for the Chicago district. Since 
all wether lamb carcasses were graded more carefuTlv by the F ederal 
supervisor than it was possible to do with the live lambs, carcass grades 
for the wethers were used in computing values. Only single lambs 
were used in the data analyzed. 

Monthly market prices of live lambs by grades at Chicago, as 
reported by the Bureau of Agricultural Economics of the United States 
Department of Agriculture for the years 1936, 1937, and 1938, (shown 
in table 3) were used in assigning values. TIkm’c was a sharj) decline 
in price from Juno to July and a gradual fall until October, with a 
slight rise in November. There was a similar trend for each grade 
of lambs, resulting in a similar spread in prices between grades from 
month to month. Average value per lamb in each group was 
obtained from the sum of all lambs by grades. Those of each grade 
were valued at the price for the month when graded or marketed. 

RESULTS 

Time of marketing, weight, and grade were factors determining the 
value per lamb. Average birth dates of all groups of lambs, accord- 
ing to breeding or according to time of marketing, were similar. 
More Hampshire- and Southdown-sired wether lambs wore ready for 
the higher market in July than of Shropshire-sired wethers, the per- 
centages being 76, 79, and 61 , respectively. 

Distribution of lambs by farm weights is indicated in table 6 and by 
grades in table 7. The Hampshire-sired lambs were characterized 
by slightly higher weights, while Southdown lambs were outstandingly 
highest in grade. The distribution of lambs by weights and by grades 
was similar for those of each sex. The weights of wether lambs were 
slightly higher than those of ewe lambs on account of the marketing of 
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some wether lambs later after further feeding, but the results among 
lots were not materially changed thereby. 


Table 6 . — DiHlrihution of lamhs from grade western ewes by far rn-iveighl classes 


Description of Innibs 

Lambs in w'cifjht class— 

Aver- 

9h or 
more 
pounds 

85-89 

pounds 

80 84 
pounds 

75-79 

pounds 

70-74 

pounds 

05-69 

pounds 

64 

pounds 
or less 

age 
weight 
of lambs 
in group 

Wether lambs from - 









Crossbred ewes: 

Nuvit/er 

Number 

Number 

Number 

Number 

Number 

Number 

Pounds 

Hampshire sire 

3 

5 

7 

4 

8 

4 


78. 74 

Shronshire sire 


2 

9 

5 

5 

2 

3 

75. 15 

Southdown sire . _ 

2 

4 

10 

2 

10 

1 

3 

77.19 

rine-wooled ewes: 









Hampshire sire 

1 

3 

3 

3 




83.0 

Shropshire sire 

4 


3 

7 

4 

2 

3 

76.78 

Southdown sire 


3 

5 

1 

3 

3 

1 

76.3 

All cw'es: 









Hampshire sire. 

4 

8 

10 

7 

8 

4 


79.8 

Shropshire sire 

Southdown sire 

4 

2 

2 

7 

12 

15 

12 

3 

9 

13 

4 

4 

6 

4 

75.9 

76.9 

All rams: 









Crossbred ewes . . 


11 

26 

11 

23 

7 

6 

77. 18 

Fine-wooled ewes 

5 

t> 

11 

11 

7 

5 

4 

77.9 

Ewe lambs from '■ 









Crossbred ewes: 









H am pshirc sire , . . 


3 

3 1 

2 

5 

4 

1 

75.1 

Shropshire sire 



2 

5 

0 

7 

2 

3 

74.3 

Southdown sire 


1 

4 

4 

6 

1 

4 

73.5 

Fine-wooled ew'cs: 









Hampshire sire 

1 

5 


4 

2 

3 

1 

76.4 

Shropshire sire. . 




2 

6 

5 

1 

70.4 

Southdown sire 





4 

5 

5 


71.1 

All owes: 









Hampshire sire ... 

I 

8 

1 3 

6 

7 

7 

2 

75.7 

Shropshire sire ... .. . .. 


2 

i 5 

1 ^ 

13 

7 

4 

72.9 

Southdown sire.. 


1 

i ^ 

! ^ 

11 

6 

4 

72. 6 

All rams: 









Crossbred ewes 


('» 

1 

I 12 

18 

7 

8 

74.3 

Fine-wooled ewes .. . .. 

i 

5 


i 

1 

13 

13 

2 

72.8 


Table 7. distribution of lambs from, western ewes by market grades 


Market grades 

Choi(?c 

Hood 

Medium 

Plain 

Cull 

'Potal 

Carcass grad(!s of wetht*r lambs from — 
Cirossbred ewes: 

Number 

Number 

Number 

Number 

Number 

Number 

Hampshire sire . . 

1 

18 

7 

r» 


31 

Shropshire sire 

1 

17 

5 

3 



26 

Southdown sire . . 

22 

il 

1 




32 

Fine-wooled ewes: 







Hampshire sire. - . 

1 

7 

1 

1 

. 

10 

Shropshire sire . 


11 

11 


1 

23 

Southdown sire . 





... 

16 

All ewes: 


1 





Hampshire sire 

2 

25 

8 

6 


41 

Shropshire sire 

I 

28 

16 

3 

1 

49 

Southdown sire 

28 

19 

1 



48 

All rams: 







Cro.ssbred ewcjs. 

24 

44 

13 

8 


89 

Fine-wooled ewe.s . 

7 

28 

12 

1 

1 

49 

Li ve grades of ewe lambs from - 
Crossbred ewes: 







Hampshire sire 


5 

9 

2 

2 

18 

Shropshire sire 

5 

14 

5 


1 

25 

Southdown sire 

6 

10 

3 

1 



20 

Fine-wooled ewes: - 







Hampshire sire 

2 

8 

3 

2 

1 

16 

Shropshire sire . . - 

2 

8 

4 



14 

Southdown sire 

3 

9 

1 

i 


14 

All ewes: 1 







Hampshire sire 

2 

13 

12 

4 

3 

34 

Shropshire sire 

7 

22 

9 


1 

39 

Southdown sire 

9 

19 

- 4 

2 


34 

All rams: 







Crossbred ewes 

11 

29 

17 

3 

3 

63 

Fine-wooled ewes. 

7 

25 

8 

3 

1 

44 
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Table 8. — Afarket weights and value per animal of lambs from grade western ewes 


Wether and ewe lambs 

Lambs 

A ver- 
age 

weipht 

T)cr 

lamb 

Aver- 

a<?c 

value 

per 

lamb 

Wether and ew(^ lambs 

I>ambs 

Aver- 

age 

w^eight 

per 

lamb 

From crossbred ewes: 

Number 

Pounds 

T)oUars 

From all ewes: 

Number 

Pounds 

Hampshire sire . 

49 

73.06 

6.37 

Hampshire sire . 

75 

73. 50 

Shropshire sire 

.<>1 

70. r»3 

6. 46 

Shropshire sire.. 

88 

70. 39 

Southdown sire 

.*>2 

71.02 

1 6.88 

Southdown sire 

82 

70.93 

From fine-wooled ewes: 




By all rams: 



Hampshire sire . . 

26 

74. 50 

1 6. 79 

Crossbred ewes 

152 

71.72 

Shropshire sire 

.‘17 

70. 10 

6. 27 

Fine-wooled ewes 

93 

71.25 

Southdown sire 

30 

69. 73 

6. 66 





A vor- 

HRO 

vmIho 

per 

lamb 


Dollarn 
(i. r)2 
fi .88 
f). 80 

f ). :»8 
t). 04 


The records for all lambs are combined in table 8 to show average 
market weight and value per lamb by lots. Less spread in live grades 
and values among ewe lambs than among wether lambs, which were 
graded in the carcass, tended to narrow the spread in value among 
all lambs. The highest value per ewe lamb was $6.53 and the lowest 
value $6, as compared with $7.28 and $6.34 for wether lambs. Tlie 
maximum value for all lambs was $6.88 and the minimum value $6.27. 

The averages of all lambs showed no appreciable difference betwe(»n 
lambs from fine-wooled ewes weighing 92 pounds and those frojn 
crossbred ewes weighing 104 pounds. 

Concerning the influence of the sire, the data show that Southdown- 
sired lambs averaged 28 cents more in value per Iamb, although 2. (>3 
pounds lighter in weight than Hampshire-sired lambs. Shropshire- 
sired lambs were 3.17 pounds lighter and 14 cents less valuable than 
Hampshire-sired lambs. 

The heavy weight of both wether and ewe lambs sired by Hampslnre 
rams and out of fine-wooled ewes was an advantage, but a correspond- 
ingly high value per lamb was not realized on account of lack of 
fatness. 

Rank according to value per lamb of all lots of lambs diftering in 
sire or dam was as follows: Southdown X crossbred, Hampshire X fme 
wool, Southdown X fine wool, Shropshire X crossbred, Hampshire X 
crossbred, and Shropshire X fine wool. 

The influence of the sire, regardless of tlie dam, resulted in the 
following rank according to value per lamb: Southdown, Hampshire, 
and Shropshire. 

CONCLUSIONS AND SUMMARY 

In view of the data obtained in comparing Hampshii'e and South- 
down breeding ewes, it seems reasonable to conclude that mutton-type 
ewes of different breeds differing markedly in body weight consume 
feed approximately in proportion to body weight when grazing on 
good pasture, or when full-fed appropriate rations for normalfunctions. 
On the other hand, lambs fed a maintenance ration, or those full-fed 
for rapid growth and fattening, consume feed on the basis of approxi- 
mately the three-fourths power function of body weight. 

Single Iambs of Hampshire and Southdown breeds require total 
digestible nutrients, including yearly feed for the ewes, in approxi- 
mately equal quantities per unit weight of Choice grade market iamb. 
Comparatively larger quantities of feed during the longer dr^r period 
are required by Hampshire ewes, whereas larger total quantities over 
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a longer time are required by the Southdown nursing ewes and grow- 
ing lambs. However it seems possible that under usual farm practices, 
earl}; Hampshire lambs being pushed for the June market may require 
relatively larger (juantities of grain before the pasture season, whereas 
Southdown lambs may make relatively greater use of spring and 
summer pasture. 

A twin iamb of the large early-maturing Hampshire breed requires 
total digestible nutrients, including its half of the ewe’s yearly feed, 
in approximately two-thirds the quantity necessary for a similar 
(Uioice grade single lamb, or for a similar market weight of Choice 
grade single lamb of the small Southdown breed. 

Southdown lambs of (^^hoice market finish give higher yields of 
dressed carcass, boneless meat, and scj)arable lean meat than do 
Ha-mpshire lambs similar in finish; and thus arc worth a higher price as 
live lambs, in the carcass, and in the retail trade. 

Api)roximately a 120-percent Hampshire lamb crop, or one pair of 
twins to four single lambs, is necessary to produce Ictin meat from a 
carcass of Choicer finish as efficiently, with respect to total digestible 
nutrients, as a crop of SouthdoA\n smgle lambs. 

It may be assumed that some twins ajiiong Southdowns will tend 
to reduc(^ f(*.(Hl costs of production, as was true among Hampshires. 

Well-fed Hampshire single lambs attain Choice market finish approx- 
imately G weeks younger than Southdown single lambs or Hampshire 
twin lambs. 

Southdown live lambs on a discriminating market should have as 
gr(»at an advantage in price per pound owing to the higher yield of 
boneless jueat as Hampshii'e lambs that jnature early in the season 
when prices are higher, and a gr(*ater advantage than late-marketed 
1 lampshire lambs. 

Area of loin eye juusch* is a fairly good index of tlie lean meat content 
of the lamb carcass. 

The color of lean is similar in Southdown and Hampshire Choice 
hill lb ca rcasses. 

The content of dry matter, total nitrogen, and ether extract is 
similar in boneless meat of Hampshire and Southdown lambs of Choice 
marked- grade. 

Tile efficiency of digestion in grade lambs sired by large and small 
breeds, and fed on maintenance or slightly above maintenance rations, 
is unaffected by the breed of th(^ sire or by the weight of the lamb. 
The data on purebred lambs of large and small breeds, when on full 
fe(Hi and about 1 year of agt*, indicate great('r efficiency in the digestion 
of protein by those of the larger breed. 

Market finish is a major factor in determining grade, and is impor- 
tant along with market weight and time of marketing in determining 
the value of a lamb. 

There is litth'. difference between fine-wooled and crossbred type 
western white-faced ewes such as were used in this experiment, either 
in weight or value of lamb produced when the ewes were mated with 
mutton-type rams. If feed consumption by the ewes is approximately 
in proportion to body weight, as was found to be true in comparing 
purebred Hampshire and Southdown ewes, the heavier crossbred 
ewes may be less efficient in respect to feed consumption than the 
fine-wooled ewes. 
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The small breed of sheep, Soiithdowns, compares favorably with 
the large breed of sheep, Hampshires, for economical production of 
market lambs in purebred flocks of the two breeds; while the use of 
Southdown rams with western ewes seems to be fully as desirable as 
the use of Hampshire rams under Central States conditions and with 
Federal grading of the carcasses. 

Inheritance of size by the ofl*spring is more obviously different 
between Hampshire and Southdown rams wlicn they are mated with 
purebred ewes of the respective breeds than when they are mated witli 
grade western ewes. 
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EFFECT OF ALGAE IN RELATION TO AERATION, LIGHT, 
AND SOURCES OF PHOSPHORUS ON GROWTH OF 
TOBACCO IN SOLUTION CULTURES ^ 

Jiy Hknry H. Kngle, (assistant scientific aidcj and J. 10. McMurtrey, Jr., senior 

physiologisly Division of Tobacco and Plant Nutrition^ Bureau of Plant Industry, 

Un ited States Department of Agriculture 

INTRODUCTION 

It is guiK'rally n'ccmmioTidod tliat light bo oxoliidod from tho roots 
of plants grown in solution cultures, the assumption b(‘ing that tliis 
prevents tlio devolojunent of algae that compote with th(‘ [dant. It 
has boon shown that tobacco {McoHama tahacnm L.) plants grown in 
solution cultures give a d(‘cido(l response to aeration wlnm the solution 
is bubbled with compn'ssed air.^ 

There ar(i viny f(*w r(‘f(‘r('iic(‘s in the literature to tin* (dh'cts of light 
on the root growth of plants in solution cultures, and only one lias 
coriK' to the attention of the writers relating to what is usually a con- 
comitant eflect of the admission of light to the roots, namely, the 
growth of gre(‘n algae in the solution. Knight,^ studying the* response 
of plants in wat(‘r cultur(\s to aeralion of the roots, used sprigs of the 
acpiatic lu'ib Klodea canadensis Michx. as om* method of aeration. 
H(‘ found that a('ra.tion by Klodea had a beneficial (dfc'ct on the growth 
of maize, but that this effect was soon obsciirc^d by the growth of 
algae in th(‘ solution, which apja^ared to do more effectively wliat 
Klodea had don(\ There' was increased root growth in solutions in 
which algae had multiplied. No weights of roots we're taken, but 
it was concluded from examination that the' incre'ase' in growth was 
muedi too large to be accounte".d for by the algae alone. 

The results of the^ preliminary experiment described bedow h'el the 
writers to atte'mpt to determine quantitatively the diffe'remce'S that 
might be e'xpected and other effects that might be' obse'rve'd. Three 
experime'iits we're made, the re'sults of which arc reported herein. 

MATERIAL AND METHODS 

The stock solutions, which were diluted 20 times for growing plants, 
are shown in table 1. The experimemtal procedures we're in general 
those described in previous publications.* ^ Any differences in treat- 
ment employed will be mentioned in connection with the presentation 
of results. 

1 Received for publication January 22. 1^40. 

2 McMuniRBY. J. K„ Jr. thk effect of boron pefictency on the growth of tobacco plants in 
AERATED AND UNAERATED SOLUTIONS. JouF. Agr. Res. 38: 371-380, illus. 1929. 

3 Knight, K. C. the response of plants in soil- and in water-culture to aeration of the roots. 
Ann. Bot. [Londonl 38; 305-325. illus, 1924. 

< See footnote 2. 

i McMurtrey, J. E., Jr. distinctive effects of the deficiency of certain essential elements on 
THE growth of TOBACCO PLANTS IN SOLUTION CULTURES. U. S. Dept. Agr. Tecll. Bul. 340, 43 pp., illus. 
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Voliime.-molecxdar concentrations of chemically pure salUs used in pre- 
paring stock solutions 


Solution 

Voluine-niolecular concentration of— 

Name 

DcsiK- 

nation 

Ca(N 08)2 

CaH4(P04)2 

CaUF 04 

Ca3(PO02 

CaCOs 

KNO» 

Monopotassiiim phos- 
phate 

Monocalciuin phosphate.. 

i ) icaloiuni phosphate 

Tricalciiim phosphate 

(hilcium carbonate and 

aininoniinn nitrate. 

Calcium carbonate and no 
added nitrojjen. 

‘p,’ 

1'2 

P.-J 

C 2 

N 

0. 1235 
. 1020 
.0813 
. 1024 

0.0211 

.0052 

.0052 

0.0422 

6 . 0211 ' 

0. 1180 

.1180 

0.0217 
. 0037 
. 0(537 
. 0(537 











Solution 

Volume-molecular concentration of - 

Name 

Desig- 

nation 

KII2PO4 

Mg(NOa)2 

MgSOi 

NH4NO3 

NII 4 CI 

K2HPO4 

MgClj 

Monopotassium phos- 
phate _ 

(h 

0. 0422 

0.0124 

0.0125 


0. 0280 



Monocaleium phosphate . . 
nicalcium phosphate 

Pi 

.0125 

0. 02(5(5 


0. 0141 

P 2 


.0124 

. 0125 

.0170 

.0280 


'I'rksilciurn pho.sphatc 

Vi 

C2 


.0125 

. 0200 


.0141 

(■alcium i^rbonate and 
ammonium nitrate 



.0125 

.1(5(K) 


1 

0.0320 

.0141 

("aleium carbonate and no 
added nitrocren 

N 



.0125 


.0320 

.0141 
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EXPERIMENTAL DATA 

PRELIMINARY EXPERIMENT 

In the spring of 1937, 20 tobacco plants of the Connecticut Broadleaf 
variety were put into twenty 2-(piart glass fruit jars containing a 
complete nutrient solution (Ci). Ten of these jars were covered with 
several thicknesses of manila paper, while 10 had no covering of any 
kind and were exposed to full sunlight. In a week or 10 days it was 
observed that the plants in the uncovered jars were making new loot 
growth and new top growth much more rapidly than those in the 
covered jars. The uncovered jars all had a thin film of algae on their 
sides and bottoms in addition to many algae floating throughout the 
solution. 

Later it was observed that the roots of the plants in the uncovered 
jars grew down to the bottom of the jars, while those in the covered 
jars grew short and were bunched near the surface of the solution. 

After growing about a month longer, the roots and tops were meas- 
ured and the plants were harvested and air-dried. Total measure- 
ments and weights are shown in table 2. 


Table 2. -Average measurements and air-dry weights of tobacco plants grown in 
nutrient solution in covered and uncovered containers 


Condition of containers 

Plants 

Length 
of roots 

Height 
of plant 

Air-dry weight 

Tops 

Roots 

Total 

Covered- v. ... 

Number 

10 

10 

Centi- 

meters 

5 

81 

Centi- 

meters 

47 

69 

Grams 

10.92 

20.85 

Grams 

1.81 

2.45 

Grams 

12. 73 
23. 30 

Uncovered 
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TESTS IN COVERED AND UNCOVERED ROOT CONTAINERS WITH THREE CALCIUM 

SALTS OF PHOSPHORUS 


Since the results of the preceding experiinent were ratlier striking, it 
was decided to carry out a greatly extended and controlled experiment 
and use three dilferent nutrient solutions. There were 40 plants in 
each solution. One-half of the plants in each solution had been pre- 
viously disinfected by treatment with silver nitrate (AgNOa), 1 to 
1,000; 1 group of each of the 2 lots was aerated artificialiy by means of 
(‘impressed air; one-half of the plants of each of the four groups thus 
formed were put into uncovered 2-(piart glass fruit jars, and the other 
half into covered jars, ''riiese were so iirranged that all possible com- 
binations were obtained, thus: 


/"Covered 


Morlooalciuin phosphate 
nutrient solution (Pi)-- 


U 'iicovered. 


Unaerated. 
Aerated 


j Unaerated- _ 
[Aerated 


ntoots not disinfected 
\Ttoots disinfected 

fRoots not disinfecterl 
1 Roots disinfected 

{ Roots not disinfected 
Roots disinfected 

fRoots not disinfected 
\Roots disinfected 


Hence, there wei*e 8 combinations of 5 plants each in each of the 3 mi 
trient solutions. All nutrient solutions were the same except for the 
source of phosphorus, which in the second group was supplied as 
dicalcium pliosphate (P 2 ) and in the third group as tricalcium phos- 
phate (P3). 

Before the plants were placed in the experimental solutions, they 
were allowed a start of about 2 weeks in dicalcium phosphate solution 
in uncovered, unaerated jars. At the time of transfer to the new 
solution (October 5) the plants not disinfected had made considerably 
more root and top growth than those disinfected with silver nitrate. 
All roots were rinsed with distilled water before the plants were placed 
in the new solution. Each culture was inoculated with 10 cc. of a 
suspension of green algae. Boron, manganese, and iron (as ferric 
citrate) were added at tliis time. 

On October 18 and again on October 28 all solutions w^re com- 
])letely renewed. On November 4, 100 cc. of stock nutrient solution 
w^as added to each culture, and on November 12 all solutions were 
completely renewH>d for the last time. The plants were harvested on 
November 22. 

The following algae ^ w^ere found: Protococcus viridis var. infusionum 
Rab., P. viridis var. angulosa Menegh., IJlothrix parietina (Vauch.) 
Kg., Euglena viridis Ehrb., Chroococcus turgidis Naeg., and Aphano- 
capsa virescens Rab. P. viridis angulosa occurred in greatest abun- 
dance. These are all unicellular green algae with the exception of U. 
parietina j a filamentous green alga that Dr. Chase states is often found 
growing with Protococcus, Those examined from the monocalcium 
phosphate cultures were greener and the cells wT.re larger than those 
irom cultures supplied phosphorus as dicalcium phosphate. The algae 
from cultures that were supplied with phosphorus from tricalcium 
phosphate were not examined. 


® An examination of the algae growing in these solutions was made by Dr. Florence Meier (3hase, of 
the Division of Radiation and Organisms, Smithsonian Institution. 
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In table 3 are shown the average measurements, oven-dry weights, 
and percentage of leaf, stalk, and root of the plants grown in nutrient 
solutions Pi, P 2 , and P 3 respectively. Since the differences between 
the various treatments in solutions Pi and P 2 are nearly parallel, tlie 
data from solution P 2 will be discussed as representative. 


3 . — Average ?nea8uremenlSy oven-dry weights, arid percentages of leaf, stalk, 
and roots of tobacco plants grown in various nutrient solutions 

MONOOALrilJM PlIOSPHATK (Pi) 




l^eiiRtli 


Ovennlry weifjht 

Distribution of oven- 
dry woiKbt 

'rreiitnuMit 

NeiKhI 

of 










roots 

I.eaf 

Stalk 

Hoot 

Tolal 

Leaf 

Stalk 

Hoot 


Cfifiti- 

Cent}- 





Per- 

Per- 

Per- 

Hoots disinfected: 

vielern 

metent 

(hams 

(hams 

Ornms 

(hams 

cent 

cent 

cent 

UricoveriHl. aornted 

91 

f.8 

]r>. 70 

9. 19 

2. 90 

27. 85 

m. 0 

33. 0 

10. 4 

C’overod, aoMitcd . 

109 

.*10 

21. 05 

14. 08 

3.81 

38. 94 

54. 1 

30. 2 

9.8 

U neovered, iinaeratcd 

HS 

37 

12.21 

9.88 

3. 30 

25. 45 

47.9 

38.8 

13. 2 

Covered, unaeratfd 


31 

5.90 

4. 02 

1.38 

11. 97 

49.8 

38. 0 

11.0 

Hoots not disinfeeU'd: 










Uncovered, aerated 

118 

40 

17.81 

15. 83 

4. 84 

38. 49 

40. 3 

41.1 

12.0 

Covered, aerated 

m 

37 

20. 31 

19. 1 1 

5. 1 

44. 50 

45. 5 

42. 9 

11.5 

1 ’ nco vered , iinaeratt'd . . 

114 

32 

13. 82 

13. 42 

4. 72 

31.90 

43. 3 

41.9 

14. S 

Covered, unaeratod 

91 

28 

10. 08 

8. 39 

3. 12 

21.59 

10. 7 

38. 9 

14.4 


DICALCUITM rnOSPHATE (Vi) 


Hoots disinfected: 

U neoverod, aerat(Ml 

104 

55 

15.92 

11.22 

3. 98 

1 

31.12 

51. 1 

30. 1 

12.8 

Covered, aerated 

121 

47 

20.25 

15. 90 

4. 30 

40. 57 

49. 9 

39. 3 

10. 7 

Uncovered, iinaerated 

95 

32 

12. 87 

9. 54 

3. 00 

20. 07 

49. 4 

30. 0 

14.0 

(T)vered, iinaerated .. 

39 

27 

3. 37 

1.08 

.73 

5. 78 

58.3 

29. 1 1 

12. 0 

Uoot.s not disinfected' 
Uncovered, aerated 

125 

45 

20. 29 

10.0 

5. 70 

42. 05 

48.2 

38.1 

13.7 

Covered, at'ratcd- . 

1 19 

35 

19.01 

18.02 

4. 59 

42. 22 

45.0 

44. 1 

10.9 

1 1 neoverod, una<‘rated . . 

105 

28 

12. 90 

12. 0 

4. 25 

29.21 

44.4 

41.1 

M. 5 

Covon^d, unacrated . . 

81 

27 

8. 30 

9.28 

2. 05 

20. 29 

41.2 

45. 7 

13. 1 


THirALCIUM PHOSPHATE (P3') 


Hoots disinfected: 

Uncovered, aerated 

90 

59 

15. 39 

10.0 

4.83 

.30, 22 

50. 9 

33. 1 

10. 0 

( \) vered, aerated . 

111 

53 

15. 86 

16. 40 

5. 38 

37. 70 

42. 1 

43. 0 

14.3 

U nco vered , unaerated . 

48 

44 

8.41 

5. 21 

3. 12 

10. 74 

50.2 

31.2 

18. 0 

Covered, unacrated 

53 

29 

5. 50 

4.12 

1.28 

10.96 

50.8 

37. 6 

11. 0 

Roots not disinfected: 

U nco vered , aerated . ... 

114 

49 

17.74 

16. .50 

7.20 

41.44 

42.8 

39.8 

17.4 

Covered, aerated 

128 

37 

17.20 

19. 65 

5. 92 

42. 77 

40. 2 

40. 0 

13.8 

Uncovered, unaerated . 

87 

31 

11.49 

9.85 

4. 75 

20. 09 

41. 0 

37.8 

18. 2 

Covered, unacrated 

07 

28 

0. 44 

6.62 

2.24 

15. 30 

42. 1 

43. 3 

14. 0 


Examination of the data shows that the most outstanding difference 
lay between the aerated and unacrated plants in covered jars. In the 
series in which the roots were disinfected the average weights were 
40.57 and 5.78 gm., or a ratio of 7 to 1 . In the corresponding series 
in which the roots were not disinfected, tlie average weights were 
42.22 and 20.29 gm., or a ratio of 2.1 to 1 . The smaller difference in 
the latter case is possibly due to the fact that the roots that were not 
disinfected made considerably more growth before being placed in the 
experimental solutions, so that the initial effect was sufficient to allow 
these plants to make fair growth even after being placed in unaerated 
solutions. 

The difference between the plants that were disinfected and those 
that were not disinfected in the covered and aerated cultures, i. e., 
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between 40.57 and 42.22 gm., rc^spcctively, while not great, probably 
also indicatc^s the effect of this initial advantage. This advantage, 
however, was much greater at the start than at the end of the experi- 
ment, and might have been reversed had the plants been allowed to 
rc^acli full maturity before harvesting. The same advantage was evi- 
dent in tlui monocalcium and tricalcium phosphate solutions. That 
most of this gain was in stalk rather than Icaif is shown by the relative 
percentages of these parts to total dry weight. In plants not dis- 
infect('d th(' stalk represents 44 percent of the total weight as against 
39 perc.c'Ut for disinfect(‘d plants, while the halves of the plants 
that weie not disinfect(‘d comprised 45 percent of the total weight as 
against 50 percent for th(^ disinfected plants. The relatively greater 
proportion of stalk in plants not disinfected was apparently dne to 
th(» W(41-develop('d and ripening seed capsuh^s, which in disinfected 
plants W(U'e just forming at th(‘. time of harvesting. 

Exainination of the data for the uncovered cultures, and hence 
those in which green algae made abundant growth, shows the results 
of the small preliminary exf)eriment to be further confirmed. The 
average weight of the jffants in uncovered, unaerated jars was 20. 07 
gm.,and tliat of the covered, unacTated cultures was 5.78 gm., a ratio 
of 4.5 to 1. Here the difference, while not as pronounced as that be- 
tw^een covercal aerated and covered unaeratcMi plants, is still striking, 
and shows the effect of the algae in aerating the solution by the release 
of minute bubbles of oxygen. In full sunlight these bubbles were 
observ(*d rising rapi(ll 3 ^ 

Takcm as a whole, the roots of the plants in uncovered jars averaged 
a higher pcu’ccuitage of the total dry weight than those in covered jars, 
and this difference was apparently due to the w^eight of the algae on 
the roots. The actual difference of weight due to algae could not, 
of course, be determined. 

A comparison of the plants in covered and uncovered jars, wdi(u*e 
both were acuated with compressed air, shows differences in favor of 
the cov(*red culturt'S, though not nearly as ginat as the difl*erences 
shown) above. The plants with roots disinfected (fig. 1) show a ratio 
of 1.3 to 1 in favor of the covered jars, while there was practically no 
difference between the tw^o groups wnth roots not disinfected. Ilere 
again, however, the percentage of leaf weight to total weight was 
greater in the case of disinfected plants, averaging 50 percent as against 
42.8 percent for plants not disinfected. A greater percentage of 
stalk for the plants that were not disinfected again indicates a greater 
degree of maturity, wdth more weight in the maturing seed head. 

One rather striking and unexpected result of the experiment was 
the relatively good growth made by the plants wdiere tricalcium 
phosphate w^as used as the source of phosphorus (table 3). It is 
known that this form is almost insoluble in water, and in previous 
water-culture experiments the results with it were poor. N evertheless, 
in this experiment the 10 plants in covered and aerated solutions 
(fig. 2) had an average dry weight of 40.24 gm., or practically the 
same as those in the dicalcium phosphate solution; while the 10 in 
uncovered aerated solutions averaged 35.83 gm. Of the latter, the 
untreated half averaged 41.44 gm., which is among the highest 
weights attained. Apparently the roots of these untreated plants 
had made enough growth before being placed in the experimental 
solutions to come into direct contact witli the tricalcium phosphate 
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on the bottom of tlio jars, and wt'rc thus able to take up soluble 
jdiosphorus. 

Tlie unaerated plants (%. 8) made mucli h'ss j^rowtli than the 
a('jat(‘d, but here a^ain, as in the case of dieaJcium phosphati', 
th(i phuits in uncoverc'd jars made* much better growth than those 
in covered jars. In the case of the disinfected plants, thos(^ in uncov- 
ered solutions averaged 10.74 gm. and those in cover(*d jars averaged 
10.90 gm. Where; the re)e)ts were not disinfecteel, the; plants in un- 
eove*re;d jars average;d 20.09 gm. and those in covered! jars averaged 15.80 
gm. This aelvantage in favor of the; plants that we're; not elisinfee'teel 
is gre'atevr than in tiie' case of e'itlier nionocalcium e)r dicalcium phos- 
j)hate‘ and is be*lie‘veel to be elue to the same cause' me‘ntie)neel pre'- 
viously; namely that tlie' greatevr initial length of the; re)ots that we*re 



PioxTRE 1. — Tobacco plants placed in Pi culture solution October 5, 1937; roots 
disinfectiKi with silver nitrate 1 to 1,000 dilution (photographed Noveunber 0, 
1937; scale shown in inch(;s): /I, solution darkeuied and aerated; light admit- 
ted to solution, which was aerated; C', solution darkened and unaerated; />, 
light admitted to unaerated solution. 

not elisinfecte;d at the time' of transfer to the; new solutions brought 
them into direct contact with the tricaJciiim phosphate almost from 
the start. 

Further study of the data for tricalcium phosphate; shows that 
the 10 covere'el and aerate'd cidtures made much better growth than 
the 10 uncovered and unaerate;ei, the;se weights averaging 40.24 and 
21.41 gm., re'spectively. This might indicate that the; natural ae;ra- 
tion of the; nutrient solution by algae is not, of itse;lf, sufficient for 
the needs of the plant. However, it was obs(;rvcd that in the solu- 
tions aerated through the medium of algae alone the growth of algae 
on the roots and on the side's of the jars was very much greater than 
in those cultures which, in addition to aeration by algae, were also 
aerated artificially. It is possible that this check upon the growth 
of the algae by artificial aeration was due to the mechanical agitation 
of the solution; it is also possible that it was due to a changed chemi- 
cal balance within the solution caused by artificial aeration. The 
same phenomenon was observed in the monocalcium and dicalcium 
phosphate solutions, but it was not so pronounced. At any rate, it 
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ri<}i)HE 2. Tobacco plants placed in ciiltun* solution October 5, 1937; roots not 
disinfected (])liotograplied November 0, 1937; scale sliown in inches), bij^ht 
admitted to unaeraled culture solid ions, wit h j)hosphorus derived from different 
sources: ^1, Monocalcium pliosphatc (Pi); By dicalcium phosphate (Po); O, tri- 
calcium phosjihate (P3). 



Figure 3. — 1\>bacco plants placed in culture solution October 5, 1937 (plioto- 
graphed November 6 , 1937; scale shown in inches) . Chilture solutions darkened, 
with phosphorus derived from different sources: Ay Monocalcium phosphate 
(Pi); B, dicalcium phosphate (P2); C, tricalcium pliosphate (P3). 

is apparent that up to a certain point aeiation by algae is definitely 
beneficial to the plant; but wlien the algae, for whatever reason, 
b(^come too abundant, actual competition for the available nutrients 
robs the growing plant. It is also probable that too great an accumu- 
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lation of algae upon tlie roots may result in partly stopping the intake 
of nutrients. 

If the average weights of the plants in covered and uncovered cul- 
tures are observed as a whole, regardless of the other treatments, they 
compare as shown in table 4. The uncovered cultures are thus 
shown to have made better growth in all three solutions, on the whole, 
than the covered cultures. This difference was greatest in the case 
of dicalcium phosphate, amounting to about 18 percent. The un- 
cov(‘red monocalcium solutions showed an increase of 5.7 percent, 
and the tricalcium solutions 7.3 percent. 


"J'able 4 . — Average dry weight of tobacco plants as affected by the various trealrncnts 

corhsidered separately 


Treatment 

Plants ill 
culture 
solution 

Monocalcium 

phosphate 

(Pi) 

Dicalciurn 

phosphate 

(P 2 ) 

1’ric*alcium 

phosphate 

(P 3 ) 

Covered . . 

Uncovered,- 

Number 

20 

20 

20 

20 

10 

10 

Grams 

20. 27 
:io. 04 
37. 40 
22. 75 
28 71 
16. 78 

Grams 

27. 21 
32.11 
38. 09 
! 20. 34 

i 27. 64 

1 13. 04 

Grams 

2f\. 68 
28.62 
38. 03 
17. 27 
21.41 
13.12 

Aerated , 

Unaerated- - - 

Aerated by algae . - - 

Unaerated - . .. -- 


The advantage of aerated over unaerated solutions, regard(>d as 
a whole, is shown by the total weights in table 4. 

Here the increase diu^ to aeration is very great, amounting to (>4.7 
percent for monocalcium, 91.7 percent for dicalcium, and 120.2 per- 
cent for tricalcium phosphate solutions. The very great increases in 
growth with aeration in the case of tricalcium phospluite emphasizes 
again its effect in causing the roots to grow down into direct contact 
with this compound. 

It may be argued that distinction should be made between the 
cultures that were aerated both naturally and artificially (i. e., by 
algae and compressed air together) and those that were aerated by 
algae alone. Such comparison between the cultures aerated by algae 
alone and those not aerated at all is shown in table 4. Here the increasi^ 
due to algae alone over unaerated cultures was 71.1 
monocalcium, 111.9 percent for dicalcium, and 63.2 percent for tri- 
calcium phosphate. The average increase in this case was 82.1 
percent, as compared with an average increase of 92.2 percent in the 
aerated cultures. 


REACTION OF NUTRIENT SOLUTIONS ^ 

In order to determine to what extent the pH value of the nutrituit 
solutions was changed during the course of the experiment, repre- 
sentative samples of the solutions were taken at tiie time of harvesting. 
These were tested by the quinhydrone electrode method. To obtain 
a basis for comparison, freshly made solutions of each of the three 
basic nutrient solutions were tested at the same time. The pH 
readings of the various solutions are shown in table 5. 


’ Deterininations of reaction were performed by O. E. Halliday, assistant biochemist, Division of Tobacco 
and Plant Nutrition. 
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Table 5. pJJ values of nutrient solutions when freshly made and at time of harvesting 


Solution and treatment 


Freshly made sohn ion. . 

Solution at time of harvestiiiK; 
Hoots disinfected : 

U iicoverod, aerated 
Covered, aerated . 

TJ ncovered , unaeratcd 

Covered, unaerated 

Roots not, disinfected: 
Uncovered, aerated. 

Covered, aerated . 

U ruiovered , u naerat ed 

Covered, unaerated 


i 

Monocal- 

Diealcium 

Tricaleiiim 

ciuiii phos- 

phosphate 

phosphate 

phate (Pi) 

(P2) 

(Pa) 

pIJ 

7)/f 

pil 

4. 2-f 

4.9 

4.9-1 

T). 8 

5. 9 

6.7 

5. 6 

6.1 

(5.5 

(5.8 

6.9 

6.8 

5.9 

6.2 

6.5 

0. 1 

6.1 

7.0 

1 % 7 

0. 1) 
(5.8 

(5.7 

n, / 
6.6 

(5.4 

7.0 

6.9 


It will be observed that the pH values of the freshly made nutrient 
solutions tend to approach what is generally considered the optimum 
for tiobacco.« These low pH values were temporary, however, for 
the readings taken at the time of harvesting all show a marked rise 
in their pH value. 

In ord(T to learn whether there was any correlation between the 
growth of the algae and the hydrogen-ion concentration of the solu- 
tions, the covered and uncovered jars were compared in pairs through 
each series. That is, an uncovered aerated solution was compared 
with a covered aerated solution, and an uncovered, imaerated solu- 
tion was compared with a covered, imaerated solution. By this 
method of comparison, the uncovered solutions, i. e., those containing 
algae, in monocalcium phosphate were shown to have a higher pH 
value throughout. However, in the case of dicalcium phosphate, 
only one out of four pairs showed a higher pH value for the uncovered 
cultures, whih'. in the case of tricalcium phosphate, three out of four 
showed a higher pH valuci in uncovered jars. The cultures were 
then compared, within each kind of solution, to learn whether there 
was any correlation between the hydrogen-ion concentration and 
artificial aeration. By this comparison, it can be seen that every 
aerated culture had a lower pH value than its corresponding imaerated 
culture, except in om*. case when they were the same: The uncovered 
aerated cultures in the disinfected group with tricalcium phosphate 
had a pH value of 7.0, the highest attained, as compared with a pH 
vahie of 6.6 for the corresponding unaerated cultures. Further 
examination (table 3) shows that these aerated cultures had a greater 
dry weight than their corresponding unaerated cultures. 

Apparently, then, there is little correlation between the growth 
of algae and the hydrogen-ion concentration of the solution, and no 
close correlation between the growth of the tobacco plant and th(‘ 
hydrogen-ion concentration of the solution. The fact that none of 
the pH readings in this experiment was equal to or lower than that 
of the freshly made nutrient solution may have been due to the con- 
tinuous presence of enough calcium ions to keep the pH value fairly 
high. 


* Anderson, P. .T., Osmun, A. Vincent, and Doran, W. L. soil reaction and black root rot or 
TOBACCO. Mass. Agr. Expt. Sta. Bui. 229, pp. 118-136, Ulus. 192(5. 
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During the latter part of the experiment it was observed that some 
of the roots showed root rot. This is assuredly not new in experiments 
with water cultures, but the interesting feature was that all of these 
plants, or practically all, were in covered jars. At the time of har- 
vesting, notes were taken on these roots and their number tabulated 
as to treatment (table 6). 


Table 6. — Number of tobacco plarUs with defective roots, with their 
respective treatments 


'rrettlnioiit 


Monocalcium pliosphair; covered, aerated, not disinfected 

Dicalciuin phosphate; covered, aerated, not disinfected 

niealciuin phosphate; covered, unaerate<l, not disinfected 

'I'ricalcium phosidiate; covered, a('rated, disinfected 

'rricalciuin phosphate; covc'red, aerated, not disinfected 

l^icaleiiini phosphate; uncovered, unaerated, disinfected 


I’lanis with 
(lofcdivc 
roots 

Koaetlon of 
solution 

Number 

pll 

1 

fl.O 

2 

f).2 

2 

7. 0 

I 

(). r» 

1 

0.7 

1 



It will be noted at once that, of the eight plants with defective 
roots, seven were in covered jars. It is true that six of the eight had 
not been disiiifected with silver nitrate, thus increasing the chances 
for infection. Nevcrtlieless, the fact that only one plant of those 
growing in uncovered jars sliowed infection, as comj)ared with seven 
in the covered jars, appears to indicate a definite protective effect on 
the part of the light or the algae growing on the roots, or possibly 
both. Whether this was purely mechanical and due to the covering 
of algae on the roots, or partly mechanical and partly chemical could 
not be determined. It is possible, however, that the effect was 
partly chemical, for the roots of the great majority of the plants in 
uncovered jars were not com])letely covered with algae. These roots or 
parts of roots that to th(^ unaided eye showed no film of algae were 
a pure, shining pearl white, in contrast to many of those in covered 
cultures, which, especially as they approached maturity, assumed a 
dull, yellowish tinge. Some of the algae-covered rootlets were ex- 
amined under the mi(*roscope in order to learn whether tlicre was any 
symbiotic relationship such as exists between mycorrhiza and the 
roots of certain trees. No such relationship was evident. 

TESTS WITH BLUE-GREEN ALGAE 

In February 1938 a further experiment was begun, the object of 
which was twofold: (1) To learn whether the results of the preceding 
experiment would be verified; and (2) to find whether certain species 
of blue-green algae could, in the absence of nitrogen, fix enough 
atmospheric nitrogen in the nutrient solution to appreciably affect 
the growth of tobacco plants. Two nutrient solutions were used, 
one with nitrogen added (C 2 ) and the other with nitrogen withheld (N). 

The cultures were arranged in groups of five plants each, as in the 
preceding experiment. Five cultures inoculated with blue-green algae 
were matched with five under similar conditions of exposure to light 
and aeration but inoculated with green algae. Of the latter, three 
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in each group were inoculated with 10 cc. each of an infusion of uni- 
cellular algae, and two with 10 cc. each of an infusion of filamentous 
algae. 

The species of l)lue-green algae used was Nontoc rnuscorum Ag.,® 
which is capable of more rapid nitrogen fixation than other known 
species of blue-gi‘(M>n algae.^® For that reason it wuis chosen for this 
experiment. Allison found that this species was able to fix 18 to 
30 mg. of nitrogen j)er 100 cc. of solution when a small amount of 
glucose was added. Its nitrogen-fixing ability is greatly increased 
wiien glucose is added. However, glucose w^as not used in this 
experiment. 

On February 0 the experiment w-as set u]). All jars, stoppers, 
glass tubes, and rubber hose wnre steam-sterilized. One hundred and 
tAventy plants of the Connecticut Broadleaf variety, carefully selected 
for uniformity, were w’^ashed and then disinfected with silver nitrate, 1 to 
1,000, the roots for 5 mhiutes and the tops for 2 minutes. Each 
nutrient solution was arranged as showm below": 


PIiie-p:rocii algae. 


(Jreen algae 


Control (no algae) 


Covered __ 


Cncovered 


j Covered . . 

[ Cncoven'd 


( Covered 
Uncovered. 


r Aerated 
VUnaeratefl 

r Aerated 
\lJnaerated 

r Aerated 
\rnae rated 

rA( ‘rated 
1 Unaerated 

f Aerated 
tUn aerated 

f Aerated 
\ljn aerated 


The culture of Nostoc as received w-as in the form of large, thin, 
but somewdiat tenacious films. In order to supply these to the nutri- 
ent solutions in as nearly ecpial quantities as ]:)ossible, the Nostoc was 
well shaken up with sterilized glass beads. This procedure broke up 
the films very satisfactorily. Each culture to receive Ahstoc was then 
inoculated with 10 cc. of tins infusion. Iron and manganese were 
added to all cultures, and on April 2, 2 cc. of zinc sulfate solution 
was added to each culture, as several were beginning to show signs 
of what appeared to be zinc deficiency. On April 1 1 all of the nitrogen 
cultures were completely renewed. Measurements of height and 
length of roots were taken at biweekly intervals throughout the grow- 
ing period. On May 11 the plants were harvested and hung for air- 
drying. 

The measurements and air-dry weights of the plants in cultures to 
which ammonium nitrate w"as added are showui in table 7. 


® Supplied as a pure culture by F. E. Allison, of the Fertilizer Research Division, Bureau of Agricultural 
Chemistry and Engineering, U. S. Department of Agriculture. 

Allison, Franklin E., Hoover, Sam R., and Morris, Herman J. physiological studies with 
THE nitrogen-fixing ALGA, NOSTOC MUSCORUM. Bot. Oaz. 98; 433-4fi3, illus. 1937. 


236080 — 40 — -5 
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Table 7. — Average measuremenis during growth period and air-dry weights of 
tobacco plarUs grown in nutrient solution with added nitrogen, urith and without 
green algae and the blue-green alga Nostoc mmcorum 


Treatinent 

Average height of plants 

Average lengths of roots 

Average air-dry 
weight per plant 

.Mar. 

4 

Mar. 

18 

Mar. 

;b 

Apr. 

15 

Apr. 

29 

Mar. 

4 

Mar. 

18 

Mar. 

31 

Apr. 

10 

Apr. 

29 

Fioots 

licavos 

Stalks 

Total 

Covered: 

Cm. 

Cm. 

Cm. 

Cm. 

Cm. 

Cm. 

Cm. 

Cm. 

Cm. 

Cm. 

Om. 

Gm. 

Gin. 

Gm. 

G.» unaerated 

f) 

C 

() 

19 

33 

11 

12 

13 

14 

1ft 

1.20 

3.44 

2. 48 

7. 12 

B,i unaerate<l 

ft 

(> 

8 

19 

32 

12 

15 

17 

10 

10 

1.37 

3.70 

2. 48 

7. ftft 

0, aerated 

4 

ft 

i:4 

34 

73 

12 

1ft 

22 

28 

33 

3.70 

12. 17 

12. 12 

27. 99 

H. aerated. 

Control, unaer- 

4 

fi 

ift 

42 

85 

12 

17 

25 

32 

3ft 

4.32 

12 IS 

14.25 

30. 7ft 

atO(L 

ft 

i 

11 

23 

32 

13 

15 

10 

10 

10 

.89 

2.47 

2. 48 

ft. 84 

Control, aerated . 
Uncovered: 

4 

5 

17 

4ft 

90 

11 

11 

32 

3ft 

3ft 

ft. 29 

12. 43 

10. 73 

31. 45 

G, unaerated . 

4 

7 

14 

28 

58 

9 

10 

28 

34 

30 

ft. 18 

9.51 

9. 39 

24 08 

B, unaerated. 

ft 

8 

20 

4ft 

01 

11 

21 

i 29 

34 

3ft 

4. 17 

8. 10 

S. 90 

21. 23 

G, aerated 

4 

4 

4 

0 

17 

8 

9 

8 

10 

28 

2.57 

8. 2f) 

4. 19 

1ft. 02 

B, aerated 

Control, unaer- 

4 

() ! 

i 

0 


22 

8 

9 

8 

13 

31 

3. 59 

8. 87 

5.71 1 

1 

IH. 17 

ated 

ft 

7 1 

1ft 

! 38 

02 

12 

1ft 

•>7 

33 

30 

4. 21 

7.70 

ll.OOj 

2.3. 00 

( 'ontrol, aerated 

4 

4 1 

1 

5 

7 

2ft 

8 

9 

\ 1 

12 

28 

2. ftO 

8.0ft 1 

ft. Oft 1 

1."). 00 


1 G reprci^onts }rroeri alKae; M represenfs blue-Kreen alKue. 


Ill lliis series, lui atti'iiipt was made to prevent the iineoveriMl 
eviltiires inocuilaled with Nontoc from bein^ contaminated by p:re('n 
alj^ae from the air. Glass wool was pa(*ked about tlu' stems of tln^ 
plants and into the other holes in the corks, but it proved ina(](‘(iuat(^ 
for the purpose. Greim algae were soon observed in these culture's, 
and in a short time became as abundant as those' in the jars that had 
been originally inoculate'd with greu'ji algae; thus any effects that 
might have been due to Nofitoc were wiped out or reaidered unobse'rv- 
able. There we're no significant diffe'rence's betweem the cultures with 
unice'llulaT and those with filamentous green algae, and therefore they 
will not be dealt with separately. 

Study of the data shows that the greatest difference again lay 
between the aerated and unaerated plants (fig. 4) in covered jars. 
The plants in the covered, aerated jars averaged 31.06 gm. and those 
in the covered, unaerated jars 6.84 gm., a ratio of 4.5 to 1 . This agrees 
with the results of the previous experiment, although the difference 
is not as large as in the latter. This is no doubt due to the fact that 
in the first experiment the nutrient solutions were renewed three times, 
while in this experiment there was only one renewal. 

A comparison of uncovered, unaerated cultures with the covered, 
unaerated cultures shows an average weight of 22.97 gm. for the 
uncovered as compared with 6.84 gin. for the covered jars, a ratio of 
3.3 to 1. This confirms the effect observed berfore, namely, the 
beneficial effect of aeration by algae on the growth of the plant. 

In comparing the uncovered, unaerated with the uncovered, aerated 
cultures, there appears to be a discrepancy between the results in this 
experiment and those recorded in the previous experiment. In this 
experiment the unaerated plants (fig. 5) made better growth than 
those aerated, the average weights being 22.97 and 16.26 gm. respec- 
tively, a ratio of 1.4 to 1. In the previous experiment, the ratio (with 
the dicalcium phosphate solution) was 1.3 to 1, but with the advantage 
in favor of the' aerated cultures. This apparent discrepancy can bo 
explained by examination of the rate of growth of the plants m uncov- 



April 1, 1940 of Algae on Growth of Tobacco 499 


cred, aerated cultures, as n^vealed in the r(H*ord of height and length of 
roots throughout the period of the experiment. These data show that 
the plants remained practically at a standstill until the early part of 
April, but the iiKaisurements of April 15 show a marked increase, 
which was accelerated within the nunaining 2 W(M»ks the plants were 



Figure 4. — Tobacco plants placed in culture solution (C2) February 6 , 1938 
(photographed May 4, 1938): A, Culture solution darkened and aerated; 
B, culture solution darkened, unaerated. 

allowed to grow. Until these plants started normal growth, they 
exhibited tln^ familiar symptoms of iron chlorosis, and this in spite of 
the fact that iron was added to these cultures at the rate of 2 cc. of 
solution per day for a period of 2 weeks. It is possible that the high 
pH value of the solution, due to the laige amount of calcium carbonate 
present, caused precipitation of the iron or otherwise rendered it 
unavailable. Altliough all the cultures had the high amount of 
calcium carbonate, it seems reasonable to suppose that, at least in 
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those uncovered cultures that were not aerated, the lack of aj^itation of 
the solution aided in causmg the iron to remain more available, since 
in unagitated solutions the upper layers do not exhibit the chemical 
concentration that occurs in the lower layers. The fact that growth 



Figure o. — Tobacco plants placed in culture solution (C 2 ) February 6, 1938 
(photographed May 4, 1938): Light admitted to aerated solution; B, light 

admitted to unaerated solution. 

proceeded normally in covered cultures that were aerated indicates 
that there may be a light factor involved also. The conditions affect- 
ing the intake of iron by plants in solution cultures are not well under- 
stood. Under a given set of conditions the plants may start normal 
growth and continue without interruption; under what are apparently 
the same conditions, they may develop symptoms of iron chlorosis 
from which they may not recover for several weeks, even though iron 
be added every day or two. In the experience of the writers, iron 
chlorosis cannot be corrected within 24 to 48 hours, as has been stated 
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by some investig^ators. However, it was observed during these and 
other experiments that intake of iron at the start of the experiment is 
made more certain if the culture is not at first aerated artificially. 

The results of the experiment with the blue-green alga Nostoc mus- 
corum in solutions containing no nitrogen are shown in table 8. 

Table 8. — Average measvrementH during growth period and air-dry weighia of 
tobacco plants grown in nutrient solution, with no added nitrogen^ with and without 
green algae and the blue-green alga Nostoc muscorurn 


'J'roatniont 

Averajte height of plants 

Average lengths of roots 

Average air-dry 
weight per plant 

Mar. Mar. Mar. 
4 j 18 1 31 

Apr. lApr, 
15 j 29 

Mar. 

4 

Afar. 

18 

Mar. 

31 

Air. 

15 

Apr. 

29 

Roots| Leave.'? j Stalks 

Total 

(\)vered: 

Cm. 

Cm. 

Cm. 

Cm. 

Cm. 

Cm. 

Cm. 

Cm. 

Cm. 

Cm. 

Gm. 

Gm. 

Gm. 

Gm. 

(i,> unaeraUMl 


r. 

7 

H 

8 

21 

35 

52 

08 

80 

0. 30 

1.09 

0. 30 

1.75 

iinaemtcd . . 

5 

r» 

fi 

■/ 

7 

24 

42 

. 48 

00 

77 

. 35 

1.02 

.20 

1,03 

aerated 

4 


Ft 


6 

17 

30 

54 

71 

77 

.31 

.89 

. 19 

1.39 

li, aerated 

(’ontrol, iinaer- 

.0 

d 

() 

7 

7 

14 

31 

48 

58 

09 

.29 

.8! 

.20 

1. 30 

atod- 

4 

5 


f» 

f. 

30 

43 

52 

57 

04 

.24 

. 05 

.18 

1.07 

Control, aerated .. 
T’neovcred: 

4 

4 



() 

23 

1 

40 

1 

59 

02 

71 

.27 


. 18 

1. 13 

(1, uiiaerated 



f) 

7 

7 

33 1 

49 

03 

79 

91 

.27 

.83 

.20 

1.30 

H, unaerated. 

5 


(i 

0 

ft 

.30 1 


05 ! 

! 70 

70 

.35 

1.0 

, 20 

1.55 

<1, aerated 


1 7 i 

7 ' 

S : 

' H 

47 i 

,53 

07 1 

1 81 

99 

.40 i 

1.24 

.32 

^ 2.02 

11, aerated- 

(Control, nnaer- 

^ i 


"I 

(> 1 

! C) 

41 1 

1 

51 

1 

58 1 

1 

r»3 

.55 1 

1. 13 

1 

.20 

1 

1.94 

ated 

i 4 


f) 1 

6 ! 

i 6 

34 

40 

53 i 

i JV4 

72 ! 

.20 

.75 1 

! . 19 

i 1.20 

Control, acrate<l - 

1 4 1 

f) : 

: 5 ' 

« 

7 1 

31 

55 

63 ! 

! 09 

i 83 i 

i .45 1 

i .91 

! .24 

1.60 


1 O represents green algae; li rei)resetits blue-green algae. 


At no tim(‘ during the ('Xj)eriment did any of the plants in this series 
sliow evidenc(‘s ol normal gi’owth.* They exhibitcHl the characteristic 
syin])toms associattal with lack of nitrogen. Th(^ plants rtunained 
sjuall, the l(*aves small and yellow, W’ith firing of the lowt'st l(‘av(»s. 
Study of th(‘ measurements of height shows that in only thrta' groups 
(lid th(‘ a v(»rage increase in height (xctaal 2.5 cm. Tlu' roots, howevc'r, 
incr(*as(Hl V(‘ry greatly in length, in a numbc'r of cases readving a length 
of over 100 <un. and in one cas(» a huigth of 120 cm. The tendency of 
tli(' roots to elongate in the abscuice^ of nitrogen has been previously 
reporter 1 by McMurtrev.’^ How(‘V('r, while the roots increased 
gr(‘atly in length, tluMr total numlxT was much h'ss, so that their total 
W(»ight was small. This is shown in the data for dry W('ights, in 
whi(*h the average* weight of roots per plant rang(*s from about one- 
fourth to one-lialf of a gram. On a percentage* basis, how^ever, these 
roots average ov(‘r 23 pei c(*nt of the total dry weight, wdiile those in the 
nitrogeui serie*s ave'rage about 12 perc(*nt. Part of this increase* may 
have* been due to the weight of Nostoc on the roots, but the values for 
the cultures without Nostoc show that its added we*ight could not have 
bee*n very great. The N^ostoc gre*w in greatest numb(*rs on the bottoms 
of the jars, wh(*re it formed rounde*d, more or less he*misph(*rical, 
colonies with a lacy, much-branched structure, resembling miniature 
sponges. In no case were the cultures observed to form thin films 
such as were noted in the inoculating culture. The*y did, however, 
show a de^finite blue-green color that had not been observable in the 
pa-remt culture. No colonies were formed in covered jars, and no 
growth was visible to the nake*d e'ye, although Allison found that 
Nostoc is able to grow in subdued light, and even, for a time, in the 
absence of light, provided sugar is added to the nutrieuit solution. No 
growth of green algae was detected in any of the" cultures in this series, 
(uther covered or uncovered. 


See footnote 2. 


See footnote 10. 
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The high pH value of the nutrient solution due to the calcium 
carbonate used in this experiment is favorable to the growth of NostoCy 
according to Allison. Nevertheless, although these algae made some 
growth, the amount of atmospheric nitrogen fixed by them was cvi- 
dentl}^ too small or was not released so as to make any significant 
diffc'rence in the growth of the accompanying tobacco plants. In one 
series there is a small apparent difference in favor of the Nostoc cultures 
over the controls, buc this is ofl*set by the fact that one series ot green 
algae cultures gave a higher yield than eitluu* Nostoc or the controls. 
The differences are therefore judged not to Ix' significant. The aver- 
age increases in dry weight, based on a comparison with 50 sample 
plants S('lect(‘d and dried at the beginning of the expc'riment, was 0.302 
gm. for the roots, 0.893 gm. for the leaves, and 0.196 gm. for the 
stems, or a total of 1.39 gm. p(»r plant. 

SUMMARY AND CONCLUSIONS 

Tobacco (Nicotlana iahaemn L.) plants W(U*e grown in thrc'e diffc'icmt 
nutrient solutions, thr(‘e sources of phos[)horus being uscul. The 
plants wove grown in acu-ated and unaerated solutions, with and with- 
out green algae and with roots exposcxl to or shn'lchnl from light, in an 
arrangement wh(»reby all possible combinations of these factors w(‘re 
effectexi. The nitrogen-fixing ability of the blue-green alga, Nostoc 
niuscorum, also was studied under the conditions of theses experiimmts. 
The rate of growth was recorded in measurements of lieight of plant, 
length of roots, and final weights obtained after ov('n-drying the 
plants. 

Gi’cen algae function as efficient aerators of nutrient solutions up to 
the point whe^re their numb(*Ts offer seiious competition for tlu' avail- 
able nutrients. Artificial aeration apparently acts as a check upon 
th(' growth of algae. 

Artificial aeration gives the greatest increase in growth of tobacco 
plants in solution cultures. 

Green algae associated with light appear to have a prot(‘ctivo efi'ect 
on tobacco roots against infection by fungi. The (widence indicates 
that this may be both physical and chemical. 

There is no evidence from these experiments that the growth of 
green algae is correlated with the hydrogen-ion concentration of the 
nu trieii t solu ti on . 

The assimilation of iron by the plant at the beginning of a wat(»r- 
culture experiment may b(^ retarded by artificial aeration. 

The phosphorus in tricalcium phosphate is available to tobacco 
plants in solution cultures provided the roots come into direct contact 
with it. 

The use of nutrient solutions containing green algae, exposed to 
light and not artificially aerated, is believed to be of value in starting 
plants for use in water-culture experiments. In no case where these 
conditions obtained, have the writers so far failed to secure uniform 
starting and growing plants. Once such a start is obtained, later 
transfer to covered, artificially aerated cultures can be made without 
any set-back to the plants. 

Blue-green algae were not able to fix sufficient atmospheric nitrogen, 
in the nutrient solution used, to affect the growth of tobacco plants. 
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MORPHOLOGY OF THE VEGETATIVEl5RGANS=;©i^'^ 
SUGARCANE! 


By Ernst Autschwager 2 

Pathologist^ Division of Sugar Plant Investigations^ Bureau of Plant Industry^ 
United States Department of Agriculture 

INTRODUCTION 

In selecting a basis for the description of cultivated sugarcane 
(Saccharum) varieties, characters of the inflorescence (4)^ are ruled 
out, partly because in inany localities numerous varieties bloom 
rarely, if ever, and partly because of lack of knowledge of the diag- 
nostic value of flower characters. 

Since the earliest records of sugarcane in literature (26), gross 
morphological characters have been used in describing varieties. 
Even Barber (7, 8, 9, 10), in his monumental work on sugarcane, 
relied mostly on characters of stem, leaf, and root. With increas- 
ingly wider knowledge of the plant, various investigators have made 
use, at one time or another, of more minute and rnicroscopic features, 
sucii as number and disposition of root primordia in the root ring, 
arrangement of stomata, and character of stem epidermis. The 
arrangement of hair on buds and leaves received special attention 
from Jeswiet (15) in his Morphology of Sugarcane, a course of lectures 
designed originally for use by the scientific staff of the Java Botani- 
cal Garden, engaged in sugarcane studies. This work was the first 
of an extensive series of papers (0, 6 , 11, 16, 17, 18, 19, 20, 21, 22, 
28, 24, 80) dealing with the taxonomy of sugarcane varieties and of 
seedlings that oiiginated at the Java station. While it treated of 
the vegetative organs of the plant in their entirety, it put greatest 
emphasis on the description of hair groups, thus emphasizing the 
importance of hair groups in the general classification scheme. 

There is something very attractive about Jeswiet method as a 
key for the difficult classification of sugarcanes. Smith (31) used 
it in his seedling studies at Hawaii, Fawcett (14o) in Argentina, and 
Cowgill ^ on some of the New Guinea varieties in the collection of the 
Division of Sugar Plant Investigations. However, except for these 
workers, Jeswiet^s hair-group method has found few adherents, partly 
because the method is not practical as a ready means for the field 
identification of cane varieties and partly because, within a variety, 
seldom more than 50 percent of the hair groups arc present on every 
bud and show a minimum amount of variation. It is, however, a 


» Received for publication December 1, 1939. 
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useful auxiliary met^iod for the identification of varieties to be used by 
. technically trained persons. Greater constancy, according to De 
Cal vino (12) and Artschwager (;^), k found in the character of the 
stem epidermis and, to a certain extent, in the structure of the leaf 
blade and leaf sheath (^6), 

' The large collection of original importations by the Division of 
Sugar Plant Investigations gave the writer an opportunity to con- 
tinue the extensive studies of sugarcane varieties interrupted by the 
untimely death of Cowgill, and to evaluate the usefulness of hair 
groups on material other than that used by the workers at the Java 
station. It is best to base identification upon the greatest possible 
number of characters, including those of external form, as has been 
done in the past. For this reason, characters such as shape, size, 
and color of internode; bud furrow; shape and size of buds and their 
hairiness; and form and size of ligule, auricles, and collar received 
as careful treatment as special methods, either already listed or 
newly tried, permitted. 

As the work progressed, the need for a descriptive outline (S) 
more complete in its scope than the one recommended by the Inter- 
national Society of Sugar Cane Technologists (27), made itself felt. 
In the preparation of the new outline, the use of diagrammatic 
drawings illustrating type patterns of different characters was found 
helpful, making the data more uniform and more readily accessible 
for statistical studies. The hair-group numbers of Jeswiet have 
been retained, though with reservation ; they often have great practi- 
cal value, even though tluur regional designation may not always 
be acceptable. 


MATERIALS AND METHODS 

The material for study came from the United States Sugar Plant 
Field Station at Canal Point, Fla. All characters were studied and 
illustrations prepared from fresh material. For quick and easy refer- 
ence, varipiis parts of the plant, such as node, sheath base, ligule, dew- 
laps, auricles, and buds, were photographed on paper. The buds were 
always magnified six times and the photographs subsequently redrawn 
in order to show the hair groups on both surfaces to better advantage. 
The epidermis of stem, leaf, and sheath was easily stripped off after 
treatment with nitric acid . To obtain uniformly good results, it is best 
to dilute the concentrated acid slightly when treating leaves and to 
interrupt the heating before the acid comes to a boil. Kemoval of the 
stem epidermis necessitates the use of concentrated acid, to which a 
few crystals of potassium chlorate may be added. In a few varieties 
the stem epidermis does not strip easily, but even though some cortical 
tissue may remain attached it is usually possible to make the neces- 
sary observations and measurements and determine the epidermal pat- 
tern. To obtain better differentiation, it is advantageous to mount 
the stripped epidermis in zinc chloroiodide. The inner stem structure 
may be studied from unstained hand sections, though previous treat- 
ment with phloroglucin in alcohol and hydrochloric acid greatly simpli- 
fies the tasK. Ligules and auricles may be detached and mounted in 
dioxane balsam without preliminary treatment; such slides are perma- 
pent and may be filed for future reference. 
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MORPHOLOGY OF THE STALK OR CJJLM 

Sugarcane is a tall, perennial, gregariously growing grass, with the 
culms bunched in stools or evenly scattered, sometimes provided with 
long creeping rhizomes. 

THE INTERNODE 
General Morphology 


The length and thickness of the stalk is determined, morphologi- 
cally speaking, by the size and number of nodes and internodes comj^os- 
ing it. The number of 
these stem units varies 
with and within a given 
variety. They are long- 
est in Ihe middle of the 
stalk and for some dis- 
tance remain fairly 
even in size, GeneraP 
ly , the length and thick- 
ness of the internodes 
decrease from the mid- 
dle part of the stalk in 
both acropetal and ba- 
sipetal directions. The 
internodes are shortest 
at the very base of the 
stalk, and their shape 
is usually obconoidal. 

Sometimes extremely 
short internodes are 
interpolated between 
normal ones; at other 
times, esjiecially when 
the growing season has ; 
been marked by ex- 
tremes in weatlier, a 
few exceptionally long 
internodes may be 
found. 

The internodes 
assuine their charac- 
teristic varietal shape 
before they reach maxi- 
in u m d e velopmen t . 

Their cross-sectional 
area is round, in some 
varieties oval, and their 
disposition on the stalk 
is alined or zigzag 
(staggered). 

The most common 
forms of internodes are 
illustrated in figure 1. 



Figure 1. — Internode patterns: yl, Cylindrical; H, 
tumescent; C, bobbin-shaped: />, conoidal; Ey 
obconoidal; F, curved. 


In the cylindrical internode (fig. 1, A) the cross section remains the 
same, while in the tumescent type (B) it is greatest near the middle, 
decreasing gradually in either direction. The bobbin-shaped type (<7) 
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is the exact reverse of the tumescent internode, being thinnest in the 
middle. In the oonoidal form (Z>) the diameter decreases acropetallv, 
while in the obconoidal type {E) the greatest diameter is immediately 
below the wax band and the smallest immediately above the inter- 
calary zone, or growth ring. The conoidal internode frequently has a 
bulge or shoulder directly above the growth ring on the side oi)posite 
tlie eye, and certain cylindrical internodes become more or less de- 
pressed on the bud side and convex on the opposite side {F), 


•• Vascular buiKlicb 


Groujth nnq 


(^0 Uflf scar 
J Wax nncj 

Corny cracks 


Bud furrou 


Internode patterns have a certain value in classification, provided 
the material is from plants developed under favorable conditions. An 

abnormal environment is often responsible 
for atypical forms, which may occur on the 
same stalk with normal internodes. 

Color of the stalk is regarded by many 
Vascular bu.idicb experienced workers as an important char- 
acter, even though Jeswiet (f5) concluded 
Growth nnq that it would never become a basis for 
Pont hnnH classification of cane varieties. 

Laaf 4 car In uoting thc color, reference should be 

Wax nn(^ made to mature and exposed internodes 
tliat have not jret become faded or dis- 
^ ^ Corny cracks colorcd. Color Is a vciy obvious character ; 

I j' / 'jl 1' r although it may vary from internode to 

I li I inteniodc, the general hue is tyincal for a 

'I ' Bud furrou given variety. To the inexperienced, it 

I I I I i I may seem to be a very elusive character, 

I Ml I since environmental factors often greatly 

, 1 11 influence its expression. According to Earle 

111 ' j ( 14 ) and other authors, many sugarcanes 

1 I It ^ ^ ^ that are normally green show a pronounced 
reddish or brownish flush on exposure to 

S light and air. 

RooM>rimordia ^ Striking color differences are often noted 
in freslily cut stem sections. In some va- 
rieties, the color of ,the cross section is 
uniform to the very center; in others, the 
outer zone is of a different hue, often a deep 
GrouHicracK green, wliile the center is grayish, ivory, or 
whitish if the variety is pithy. 

_ Of interest, and often a character of 

- o importance, is the bud furrow, or eye 

drawing of node and inter- groove (hg. 2), a depression m the stalk 
node. beginning in the root band underneath the 

bud and extending upward.. The bud 
furrow may be either wide or narrow, deep or shallow, long or short. 
It may be absent or show as a slight flattening of the stem above the 
bud or be limited to a shallow cavity. Sometimes the fuCTOw is 
narrow and deep and extends along the entire intemode, with the 
bud embedded m a rather deep depression. The depth and width 
of the furrow may be uniform tliroughout, though more often it 
tapers in the direction of the wax rii^, gradually becoming narrower 
and shaUower. The color of the bud furrow is usually luce that of 
the rest of the intemode but occasionally different. 


Corky patch 


J-lLLLU Root knmordia 
Bud 


•Growth cracK 


Figure 2.— Diagrammatic 
drawing of node and inter- 
node. 


ce that of 
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Mature internodes of variety 28 N. Q. 204, showing corky 
tracks and progressive stem discoloration, which give the 
surface the appearance of dead stalks. 


Litho. A. Hoen & Co., Inc. 
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The surface of the stalk is almost always glabrous. A distinct 
pubescence was found in 75 Lehu (Imp.^ 736) briefly described by 
Moir {^ 8 ) in 1932, and in New Caledonia 32 (Imp. 892). Occasion- 
ally the smoothness of the surfa(?e is broken by the appearance of 
corky cracks or growth cracks. 

Corky cracks, or ivory markings, are small longitudinal crevices 
in the epidermis (fig. 2). In old stalks they may appear rough and 
become confluent, forming corky patches. The cracks are at first 
the color of the internode and rather inconspicuous; later they turn 
whitish and may be edged with a different color. Often they are 
found only in older interncxles, in the zone of the wax ring and im- 
mediately below, and also along the bud furrow. They may be very 
irregular and scattered, absent from some internodes while present 
in others. Occasionally their occurrence is limited to those parts 
of tlie stalk that have been much exposed to the sun; here they often 
unite to form gray spots or patches, which sometimes unite in a gi*ay- 
ish ring below the wax band. 

Often the surface of entire inteniodes becomes progressively dis- 
colored or brown (pi. 1) until the cane looks like a dead stalk. This 
aj)pearance is effected by color changes in the hypodermal cells and 
usually takes place independently of the formation of cracks in the 
epidermis. 

Deeper longitudinal cracks, which extend into the tissue of the inter- 
node, are the so-called growth cracks (fig. 2). These often reach 
into the intercalary zone but never into the adjacent internode. 
They may occur along with corky (‘racks and are generally considered 
a fairly reliable <‘hara(*ter. 

All parts of the stalk, witli the exception of the growth ring, have 
a coating of wax which, in the legion immediately below the sheath 
l)ase, forms a more or less conspicuous white baiul. The waxy coat- 
ing may be even and thick, often dense enough to hide the color in 
the young internodes, or it may be thin and uniform, giving the sur- 
face a glazed appearance. In some varieties, bloom is practically 
absent, and then even the wax ring is inconspicuous. In some red- 
dish or purplish canes, the upper half of the internode is densely cov- 
ered with wax that gradually becomes thinner and more transparent 
and disappears altogether in the basal region. When the waxy 
coating is very lioavy, it may peel off in places, imparting to the sur- 
face of old stems a peculiar striation. In internodes that are no longer 
protected by the sheath and sometimes also in younger internodes, 
the wax may become discolored. This change in appearance may 
affect the entire internode, or else the discolored areas may form ir- 
regular patches varying in color from dirty white to almost black. 
The discoloration is usually caused by the superficial growth of cer- 
tain molds. 

The wax deposit is always thickest and whitest below the sheath 
base. Usually there is a distinct division between wax ring and gen- 
eral bloom, but sometimes this demarcation is faint or disappears in 
canes where the bloom is heavy. Then the result is a gradual and 
complete merging of the wax of the ring with that of tbe general bloom. 
In most cases the wax ring is conspicuous and very white. Its width 
is subject to much variation and may be considered a varietal char- 
acter. The wax ring is always narrow in young internodes but is 

« Imp.«lmportation number assigned by the Division of Sugar Plant Investigations. 
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usuaUy set off more distinctly than in older intemodes. In a few 
varieties the ring is distinctly striated (New Caledonia 92, Imp. 913). 
Sometimes the wax of the ring, like that of the general bloom, be- 
comes discolored in older intemodes and may peel off in patches or 
entirely. 

The tissue of the inteniode consists of vascular bundles embedded 
in parenchyma. The bundles are rather widely spaced in the central 
part. Occasionally the center becomes pithy, and in certain wild forms 
a distinct cavity develops. The number of bundles increases cen- 
trifugally. At the peripliery thev lie very close together often form- 
ing a solid ring (pi. 2, A, B). All bundles are surrounded by a scleren- 
chymatous sheath, which is most strongly developed in the peripheral 
bundles. The outermost ring may bo composed altogether of small 
bundles or of small bundles alternating with larger ones (B), Rel- 
ative size and spacing of the bimdles is not correlated with thickness of 
the internode. 

Table 1 indicates the extent of relationship between bundle density 
in the peripheral ring and thickness of internode. One would expect 
a larger number of bundles per unit area in the thin canes than in the 
thick-stemmed forms, yet in many of the very thin wild cranes the 
bundles are rather widely spaced. The number of bundles in the 
outermost ring is often, though not always, influenced by their size. 
If tlie number is large, all peripheral bundles are likely to be small, 
and conversely a very small bundle number indicates that at least 
some of the periidieral bundles are of the large type. Although there 
is some variation within a variety, bundle density within the periphera l 
ring and relative size of these bundles constitute a valuable character. 


Table 1. — Relation between thickness of steniy total number of bundles^ and number 
of bundles in peripheral ring as seen at the widest diameter of a microscopic field 
covered by a 16~mm. objective and a eyepiece. 


Variety 

Imttor- 
tfttion 
i No. i 

Diam- 

eter 

of 

stem 

Bundles 

Variety 

Imi)or- 
tation 
No. 1 

Diam- 

eter 

of 

stem 

Bundles 

Total 

1 

Periph- 

eral 

Total 

Periph- 

eral 



Milli- 

iVwm- 

Num- 



^fmi- 

Num- 

Num- 



meters 

her 

ber 



meters 

ber 

ber 

Shantir Barhni 

142 

7 

10 

5 

New Caledonia 31... 

891 

36 

11 

4 

U. S. Imp. 229 

229 

11 

7 

0 

New Caledonia 32... 

892 

39 

8 

3 

Tabongo 

678 

11 

10 

4 

New Caledonia 33... 

893 

36 

10 

6 

Heraja 

234 

22 

10 

6 

New Caledonia 40... 

897 

38 

10 

6 

Nagdri- 

236 

17 

9 

5 

Now Caledonia 42... 

898 

34 

6 

4 

Manjav- 

95 

24 

14 

6 

Now Caledonia 60... 

902 

33 

9 

4 

Kinar 

6 

21 

7 

3 

Now Caledonia 61 

894 

43 

9 

4 

Merthi 

7 

21 

11 

3 

New Caledonia 63.... 

895 

31 

12 

5 

Fiji 3 

802 

15 

14 

5 

New Caledonia 59— 

899 

33 

10 

6 

Hawaiian Original 6. 

825 

35 

14 

6 

New Caledonia 64... 

901 

24 

12 

6 

Hawaiian Original 





New Caledonia 74... 

903 

36 

9 

4 

20 

828 

29 

13 

6 

New Caledonia 76..,. 

904 

33 

9 

6 

Hawaiian Original 


1 



New Caledonia 78... 

9a5 

38 

10 

4 

38 : 

832 

34 

12 1 

6 

Now Caledonia 80,.. 

906 

29 1 

9 

4 

Hawaiian Original 





Now Caledonia 81.-. 

908 

40 

10 

6 

43 

836 

34 i 

14 

6 

New Caledonia 83. .. 

910 

29 

12 

6 

New Caledonia 20... 

886 

28 

13 

9 

New Caledonia 92.. . 

913 

29 

12 

5 

New Caledonia 21... 

880 

34 1 

7 

3 

New Caledonia 93... 

914 

29 

7 

4 

New Caledonia 26... 

888 

38 

10 

5 

New Caledonia 99... 

917 

38 

11 

6 

New Caledonia 30 .. 

890 

25 j 

11 

8 







> Assigned by the Division of Sugar Plant investigations. 


The peripheral ring is separated from the epidermis by a very 
narrow cortex, not more than four cells wide. The cells of the two 
rows next to the epidermis are small, usually thick-walled, and in 
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Af Partial stem section of U. S. 859. Peripheral bundles well separated; periph- 
eral cells and surrounding parenchyma thick-walled and heavily lignified. 
B, Partial stem section of P. O. J. 2714. The sheaths of the outer row of 
bundles are very large and confluent. Both X 300. 
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mature stalks heavily lignified. Adjacent to tliis layer are one or 
two rows of thin-walled parenchyma cells with chloroplasts. The 
walls of these cells remain cellulose even in old and mature stalks. 

The central stem bundles have a bundle sheath that is relatively 
wider at the phloem and xylem poles than at the sides, where it is 
usually restricted to one or two layers. The width of the sheath at 
the two sides is more or less constant, but there may be a considerable 
difference in the tliickness of the cell walls and in the degree of lignifi- 
cation. The parenchyma cells wliich constitute the filler between 
the bundles, are usually thin-walled; but in some varieties, and 
especially in wild canes, they may become fairly thick-walled and 
even lignified. Commonly there are no color differences within the 
tissue of the vascular bundles, but Jeswiet {15) reports for some vari- 
eties sheaths of a characteristic dark-brown color. 

Structure of Stem Epidermis 
TYPES OP cells 

The essential structure of the stem epidermis has been described 
in an earlier publication (^). It is in agreement mth the type of 
structure that obtains in grasses in general. The epidermis consists 
of a single layer of different kinds of cells, of wliicdi each kind may 
vary as to size and number but, on the whole, fomis a uniform pattern 
characteristic of the variety. There are three kinds of cells: Long 
cells, cork cells, and silica cells. .Frequently a few scattered stomata 
are found, and there is a definite pubcscen(*o present in New ( /aledonia 
:V2 and in 75 Lehu. 

The long cells form four-sided prisms with undulating, strongly 
silicified walls. In some varieties many of these cells are completely 
filled with crystal sand (a form of calcium oxalate crystals). There 
is considerable variation in the length of these cells and in the slope 
of their end walls; the latter are commonly straight, though often 
pointed. The variation in width of the long cells appears very slight 
in many cultivated varieties because of the presence of intermediate 
forms, but it is quite apparent when varieties with very wide and very 
narrow cells are compared. There is no correlation between cell 
width and stem thickness ; in many tliin-stemmed wild canes the epi- 
dermal cells are veiy wide, while in some thick-stemmed noble vari- 
eties these cells are relatively narrow\ 

Exceedingly narrow epidermal cells were found in Fiji 2 and Fiji 3, 
but here again the thinner-stemmed variety had wider cells than the 
tliicker-sternmed one. Tabongo {Saccharum spoiitaneum), with a stem 
only 11 mm. across, had as wdde a cell as New Caledonia 51, which 
has a stem four times as thick (table 2). 

The cork cells are relatively thin-walled and suberized. They 
occur in a wide variety of forms: Squarish, rhomboid, reniform, 
elongate-rectangular, and long- or short-pointed. Often a single 
pattern prevails, but sometimes different patterns are seen in a single 
microscopic field. Cork cells often appear singly, separated from 
one another by long cells; frequently they are grouped in twos and 
threes. Most often, however, they are adjacent to a silica cell, form- 
ing a typical short group so characteristic of the grass epidermis. 



510 Journal oj Agricultural Besearch voi.eo, no. 8 


Table 2 Relation between thickness of stem and width of epidermal cells 


Variety 

Impor- 
tation 
No. 1 

Diaiii- 
etftr of 
stem 

Width 
of epi- 
dermal 
cells 

Variety 

Impor- 
tation 
No. 1 

Diam- 
eter of 
stem 

Width 
of epi- 
dermal 
celts 

Shantir Barhni, 

142 

Milli- 

meters 

7 

1 Microns 

1 10.7 

Hawaiian Original 24 

827 

Milli- 

meters 

38 

Microns 

11.0 

U. 8., Imp. 22« 

229 

11 

11.8 

Hawaiian Original 88 

832 

34 

8.4 

Tatongo 

678 

11 

13.7 

New Caledonia 20 

886 

28 

10. 3 

Hemja., 

284 

22 

11.0 

New Caledonia 26 

888 

38 

9. 0 

Nagori 

286 

17 

11.0 

Now Caledonia 30 

890 

26 

10.7 

JVlanjav 

96 

24 

11.4 

New Caledonia 31 

891 

37 

13. 2 

Kinar 

6 

21 

12.2 

New Caledonia 32 

892 

30 

12.2 

Merthi 

7 

21 

12.7 

New Caledonia 33 

893 

3(} 

Jl.O 

Fiji 2 

861 

22 

7.0 

New Caledonia 40 

897 

38 

9.4 

Fiji 8 

862 

16 

0.2 

New (Caledonia 61 

894 

43 

14. 3 

IJawaiiau Original 6 

826 

85 

9.7 






1 Assigned by the Division of Sugar Plant Investigations. 


The silica cells are much more uniform than the cork cells. They 
are usually biscuit -shaped, with a constricted center and overhanging 
margins, and with the long diameter parallel to the long axis of tluj 
stem. Silica cells rarely occur alone between long cells but are rather 
associated with cork cells. In some varieties they arc almost alto- 
gf^ther absent, and in many they are lacking from about 50 pendent 
of the short groups. 

Stomata are comparativfdy few or entirely wanting. There is a 
certain degree of regional distribution. Frequently stomata appiair 
if] broken rows wherever they are relatively numerous; wluui scarce, 
their location is quite erratic. Jn one variety with a vertically 
striped wax ring, stomata were found almost exclusively in the are^^js 
where there was no wax. 

The following criteria proved to be of value in classifying varieties 
on the basis of epidermal patterns of tin*, stems: 

(A) Primary characters. 

(1) Absence of silica cells. 

(2) Prevalence of pointed cork cells. 

(3) Occurrence of cork and silica cells in multiple pairs. 

(4) Prevalence of very long rectangular cork cells. 

(B) Secondary characters. 

CD Relative abundance of stomata. 

(2) Width of long cells. 

(3) Average number of short-cell groups in a microscopic field. 

EPIDERMAL PATTERNS 

Type ./." Cork and silica cells in single pairs alternating with long cells. The 
latter have usually straight-running, undulate vertical walls and straight or some- 
what sloping end walls (pi. 3, A). 

Type 2. — Silica cells wanting or very scarce. Cork cells solitary or in groups; 
squarish, rhomboid, or, in some varieties, greatly pointed and interspersed with 
the narrow elongate-rectangular type (pi. 3, B). 

Type 3. — About 50 percent of the short-cell groups lack silica cells; the shape 
and distribution of the different cell forms show much variation otherwise. 

Type 4- — Practically all cork cells are pointed. The vertical walls of the long 
cells are often curved and their end walls pointed. There is much difference in 
the width of the long cells. The number of short-cell groups lacking silica cells 
may show considerable variation. If this number is approximately 50 percent, 
the pattern formula would be expressed as 4+3 (pi. 3, C'). 

Type 6 . — All cells arc rather narrow and there is a predominance of the elon- 
gate-rectangular type of cork cell, occurring singly or in short connected rows. 

Type 6. — The short-cell groups are very numerous and always occur in multiple 
pairs (pi. 3, D). The cork cells are usually somewhat elongate, squarish, or 
rhomboid. 
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Plate 3 



Surface view of stem epidermis illustrating (^4) Pattern 1, (B) pattern 2, (O 
pattern 4, {!)) pattern 6. All X 500. 
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Tiic difl‘eront epidermal patterns arc not equally abundant. Table 
»3 shows their frequency distribution in a random collection of 100 
varieties. 

Types 1, 2, and 4 are the most fn^qinuit. If only single clvaracters 
and not combination types are used, the n uni b(U*s listed under 2 + 4 
and 3 + 4 would have to be redistributed. They could all be put in 
type 4, raising the frequency distribution in this grouj) to 35; or, if 
we consider type 2 more fundamental than typi^ 4, tin* nine varieties 
listed under 2 + 4 could be added to type 2, raising tlu^ fre(pjen(‘y dis- 
trilmtion of that group to 20. However, combination groupings are 
more descrii)tiv(‘ and cluiracterize the variety better. Th(‘y are Ix'st 
us(xl wh(‘n chara(*ters are not strongly deveJoped; this applies espiv 
daily to pattei*!! 4. Long- and short-pointed cork cells, which charac- 
terize* this patteuTi, may be relatively scarce or abundant. If th(*ir 
nunibeu* is small, it is best to designate the (epidermis wh(*re they ()(‘c-ur 
by a combination formula. 

Tahle li- Frequency distribution of varieties according to epidermal pattern 



The relative value of the epidennal pattern in classili(*a,tion may Ix*- 
debatable or ev(*n questionalile if ap])lied to a rather liomogeneous 
natural gioup. It failed to give satisfactory results for Panje (^9) in 
his studies of Saveluirum spontaiieurn. But even here, Burma {S, 
sp<rntaneum) stood out among all other forms by the fact that practi- 
cally no silica cells occurred in its epidermis. The epidermal pattern 
may be used only as an auxiliary method in a general classification 
scheme, but sometimes it alone suffices to make a doubtful grouping 
positive, especially if the forms in question have entirely contrasting 
epidermal patterns. 

THE NODE 

The node is usually somewhat thinner than the internode and 
exhibits the following regions: Node proper, a zone of anastomosing 
and horizontally running leaf-trace bundles (i), limited above by the 
sheath scar; and root band, which contains the bud and several 
rows of root primordia. The growth ring, or intercalary zone, con- 
nects node with internode. 

Growth Ring 

The growth ring is located directly above the root band and stands 
off from the latter and the internode above as a rather narrow band. 

It differs somewhat in color from the rest of the stem and lacks the 
wax deposit found on other organs of the plant. 

The growth ring commonly runs horizontally or turns slightly 
upward above the bud or occasionally is very much arched in this 
region. Usually it is flush with the adjacent internod al tissue but 
may be somewhat depressed, most noticeably so in young steins. 
In older stems, it frequently bulges as a narrow ridge on the bud side p 
or around the entire circumference (pi. 4, Z>). 
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In some varieties the growth ring is narrow and inconspicuous; in 
others, quite broad (pi. 4, JS), a characteristic of many ^d canes. 
wSometimes it is unequal in width all around or wider on one side than 
on the other; this occurs where the stalk has bent or straightened itself 
through the activity of the cells of the intercahiry meristern. 

The color of the growth ring varies in inmature and grown stalks. 
It is at first somewhat difl'erent from the internode; on maturing, it 
may retain this difference or become concolorous with the internode. 

Roor Band 

The root band is limited by the sheath scar below and growth ring 
above and contains, besides the bud, several rows of root primordia.. 
It is almost colorless in young nodes but eventually becumies more or 
less concolorous with the rest of the stem. It varies in height, being 
usually taller on the side of the bud than on the opposite side. Some- 
times it is sliglitly or prominently curved on the bud side. The root 
ring has a distinct coating of wax, which at times may be very heavy; 
this waxy coating often boars an imprint of the veins of the adpressed 
leaf sheath. Hairs on the root band were observed in New Caledonia 
32 and 75 Lehu, two selections that are prominently hairy all over the 
stem. 

Tlie shape of tlu^ root ring is often cliaracteristic of the variety. 
The most common foirn is cylindrical. SoTuetimes the ring is cylin- 
drical on the bud side and obconoidal on the opposite side. ()flen 
obconoidal internodes have a. (ronoidal root band, this shape being 
equally pronounced in tall and narrow root bands. In stems witli 
prominent and swollen growth rings, the root band is frequently 
constricted (pi. 4, 1)) or depressed only on the side opposite the bud. 
Tumescent root rings are not uncommon; the swelling may be regional, 
often restricted to the bud zone. Obconoidal root bands are often 
associated with conoidal and sometimes with bobbin-shaped internodes 

The root primordia are the initials of secondary roots. They occu 
in one or in several regularly or irregularly arranged rows. In wih^ 
canes, only one or two rows are found, even when the root band is 
rather tall. The number of rows of root primordia in a root band 
is usually greater on the side with the bud, although this region is n* 
always broader than the side opposite the bud. In some narrow ro 
bands with numerous rows of root primordia, the upper row may con- 
tinue above the eye. Sometimes the root primordia in the different 
rows are disposed vertically, one above the other, but more often they 
are arranged in an oblique ascending series. Frequently the arrange 
ment is irregular (pi. 4, O'), a condition more common in root ban 
where the root primordia are numerous than in bands where they . 
not crowded. 

The root primordia in a row are generally uniform in sj^e; the to| 
row in the root band contah^ the smallest primordia and me bottor 
row the largest (pi. 4, A), tn a given stalk, the basal nodes ’ 
fewer rows of root primordia than the nodes nearer the middle, 
is no further decrease in the number of rows toward the top. 

{ Each root primordium has a dark center and a light-colore ; . 

\ or ‘‘halo.’^ The dark center constitutes the root cap, which i 
intensely colored. In young nodes the primordia are commo 
ble as dark points in translucent smroundings. The colorea 



^ nodal region; A, Growth ring medium wide; root band w'ith large, 
spaced root primordia. 'New Caledonia 24. B, Growth ring very 
ot band very narrow with small, more or less crowded root primordia. 
’ i ' . 49. C, Growth ring very narrow; root band broad with many irregular 
; crowded root primordia; sheath scar protruding and spreading under 
vdaak Kwat Che. B, Growth ring medium wide and swollen; root band 
Y ith large, widely spaced root primordia. Bud is inserted above sheath 
and projects above growth ring. Hawaiian Original 39. All X i/4- 
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Plate 5 



Af Anterior or front side of prophyllum; B, posterior or back side of proph} ^ , 

Cf view of bud cut longitudinally to show structure and attachment pro- 
phyllum. In its entirety, the prophyUum forms a hood, with the fron- *»ide 
the larger and composed of two overlapping halves, and with the posterioi uo 
entire. All X 7. a, Appendage of overlying half of anterior side; antj ant 'rior 
side of prophyllum; cwy corner of wing; ewy edge of wing; gpj germ pore; h, h 
jf juncture of wing with anterior side; k, keel; Ist leaf sheath scar; overlyn 
half of anterior side; pm, parenchymatous margin of overlying half of anteric 
side; poetf posterior side of prophyllum; s6s, second bud scale; tw, tip of wing 
uSf underlying half of anterior side; r, veins; wung. 
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is slightly raised and soinetiines protrudes wartlike, especially in older 
nodes. The surrounding border is always lighter-colored than the 
center; its shape is rouiul, occasionally oval. Its width varies from 
narrow to broad. The border, or halo, is usually fiusli with the sur- 
rounding tissue but is occasionally dex^ressed, especially in young rna- 
ttn-ial. Tlie root })riinordia- remain dormant in many varieties, but in 
some tJiey sliow^ a tendency to sjirout and jiroduce air roots wliile th(5 
stalks are still actively growing in the field. 

THE BUI) 

G E N K UA I M OKPIIO LO(J Y 

The buds, or eyes, of sugarcane are small conchate organs inserted 
in th(> tissue of the nod('. just above the leaf scar. The visible part of 
the bud is the out(‘i-most bud scale, or tirophyllum, composed of the 
sides and the wing. Tlie prophyllum in its entirety forms a kind of 
asynunetrical hood (i)l. o, A, If C) with the anterior or front side com- 
fiosed of two overlapping halves and w ith the relatively short j^osterior 
side entire and basally limih'd by a curved line at which it attaches to 
tlie tissue of the node. 

TJie edge of the overlajiping lialf of the anterior side is drawn out 
to form a memliranous margin, which extends from the germ X)ore 
downward and fiecpiently teiminates in an ajipendage. As the bud 
matures, the tissue of the meinliranous border becomes dry and the 
basal apixuidage darkcuis and slirivels. In some varieties the mem- 
branous bord(U* is uniformly narrow througliout; and, if the degree of 
ovcu'lap between the two Jialves of the anterior side is small, the two 
margins occasionally alternate; i.e., the underlying margin becomes 
the overlying one for a short distance. ITsually the membranous bor- 
der is nari’ow only in tlie region of the genn pore, becoming gradually 
or abruptly broader at the base. The basal appendage projects in 
nost varieties soiTU'what below the level of the bud insertion, but in 
some it is found rather high (fig. 3, A). It varies greatly in general 
appearance and prominence, even on the same stalk. Occasionally 
smaller accessory axipendages are present on either the upper or the 
underlying margin of the scale. Unusual fonns of such accessory 
lobes are described and illustrated by Jeswdet {^8) for Black Cheribon 
and certain otlier varieties. In addition to the basal appendage, we 
find in certain varieties lateral outgrowths at any x>oint of the mem- 
branous border (fig. 3, B), Of these, the oblique termmal outgrowth; 
fig. 5, d, B)j wdiich oft^n covers the germ pore, is especially 
onsj^icuous. 

The wing of the i:)rophyllum is fonned by the two flattened and 
mated keels (pi. 5, C). It varies in size and prominence, and its 
sLiip' influences the shape of the bud. The boundary line between 
wir<T^ and sides, the so-called juncture, is not always clearly marked; 
u L usually a more or less distinct groove, which is especially promi- 
^ 1 in the basal comers, is x^resent. In most buds the wing origi- 

*,ces below the middle of the anterior side of the prophyllum (fig. 3, 
A ; this is generally true of long-triangular and ovate buds. In other 
ypes the point of insertion may be intermediate or relatively high 
, B), The latter type of insertion gives rise to the more unusual 
. ” is. 
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Relative size of wings varies greatly in different varieties. The 
wing may be nniformly wide over its entire length, or it may be wider 
or narrower at the base than at the apex; sometimes it is very irregu- 
larly lobed. Often the wing is very broad at the base and, in addition, 
is more or less p7-ominent]y aurieulate. However, well-developed au- 



Figttre 3. — Bud patterns: ^4, Triangular-pointed; liy oval; C, obovatc; /), pen- 
tagonal; Ej rhomboid; F, round; O, ovate; //, rectangular; /, beaked. 


rides are not restricted to basally wide wings. At times prominent 
auricles are found on only one side of the wing, being inconspicuous 
or absent on the other side. This is a phenomenon (juite in keeping 
with the general tendency towuird asymmetry in the development of 
the different organs of sugarcane. 

The surface of the wing is usually flat; but in young buds, some- 
times also in older ones, it is goffered or crimped. The edges of the 
wing also exhibit );ypical fonn patterns. Frequently the entire wing 
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is coarsely ootclied or einari^inate ; sometimes only the base is notched 
while the rest of the win^ is entire. Quite often, however, the entire 
edge of the wing is smooth. 

Th(i apex of the bud has a characteristic slia])e, which is a part of the 
gcuieral bud j)attern. The apex may be broadly triangular or cres- 
centiform, occasionally with a flat or depressed truncate tip. Such 
forms are usually found in broad buds and in those where the wing is 
inserted high above the middle oi the jiroj^hyllum. Very common are 
forms with a round- or sharp-pointed apex. If the tip of the j)ro- 
phyllum in either of these forms is j)rominently developed, the result 
is the beaked or rostrate tyjie (fig. 3, 1). 

Usually the margin of the apex is like that of the wing, but some- 
times it is quite different. For example, a prophyllum with otherwise 
smooth wings may have a tip that is deeply furcate, finely notched, 
or coarsely emai-ginate. In the broad crescent-sluiiied apex of 
certain buds there may be a single sharp projection, giving to the bud 
a miicronate apiiearance. 

The anterior side of the jnophyllum shows tyjiical venation, which 
may be prominent or obscure. Sometimes the veins appear more 
c()nsj)i(!U0us because of their contrasting coloration, as found in ciutain 
varieties. ITsually the veins run almost jia/rallel, converging in a. 
gradual enrve from base to ajicx. In round, and sometimes also in 
broad squarish buds, the veins approach the ajiex radially. Then* 
are, of course, many intermediate types. 

The region where tlu^ two overlapping halves of tlu* anterior side of 
the jirophyllum unite is the location of the germ ])ore, a place where 
the growing shoot jnishes through the jirotecting bud scales. Some- 
times tills ])la-cc is marked by an irregular cleft (hg. 3, F); and some- 
times it is covered over by tlie ajiical appendage of the membranous 
margin (fig. 3, A). In long buds, the location of the germ pore is near 
the tip; whereas, in round buds, in which the arrangement of the veins 
approaches the radial, the germ pore is central. 

Much variation in both size and general appeara-n(‘c of buds is 
found not only in those of different varieties but frequently in those 
coming from the same stalk. However, if normally developed stalks 
are selected, varict-al differences overshadow' individual variation. 
Only fully developed buds should be chosen for com])arison, preferably 
those coming from imdenieath fully developed leaves that are still 
attached to the plant. l)ei)ending on the variety, buds may be large 
or small, long or short, flat or plumj). Young buds are alwuxys rather 
flat; later they become arched and attain a certain degree of fullness 
that is more pronounced in one variety than in another. 

The tip of the bud may extend some distance above the growth 
ring (jd. 4, 7>), especially in large and elongated buds. In small, 
round buds and often in other types where the wing is inserted very 
high, the tip may reach to the intercalary zone (pi. 4, A) or stop short 
of it. 

Sugarcane buds exhibit a most diverse variety of morphological forms; 
these have been loosely grouped under eight types. In seiecting these 
patterns, little attention was paid to the ap})earance of the win^s, 
although certain wing types are fundamentally associated with special 
bud forms. These bud patterns are illustrated in figure 3. The 
most common form is the ovate bud, which may be either elongate 
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(fig. 3, A) or broad. Quite common is the pentagonal form (D), 
usually associated with a high-inserted, rather broad wing. The 
oval (B) and obovate (C) types are less frequent. The ovate type 
has usually a high-implanted wing; in the obovate type, the position 
of wing insertion is less definite. Typical round buds (F) are not 
common; a related form, the rhomboid (/?), is only occasionally found. 
At times the shape of the wing completely changes an otherwise 
typical bud pattern, as in figure 3, //, in whi(;h an abnormally devel- 
oi)ed wing changes an otherwise typically ovate bud into an aberrant 
rectangular form. Crossed beaked tips (7)® produce a very striking 
effect and easily characterize a variety, provided this character is 
constant and not limited to a few buds on a stalk. 

The color of mature buds that are still protected by leaf sheaths 
approximates that of the stalk. Contrasting colors are apt to occur 
in young buds; aging buds, regardless of previous coloration, are 
usually gray “brown. Red buds, and often green buds, are yellow 
when young, and an indisthict brown when aged. Often young buds 
are pale green with a contrasting reddish tint in tip and wdng. 

The buds are pla(?ed alternately on the stem, each node bewaring a 
single bud. Buds are occasionally absent or underdeveloped in the 
basal i)art of the stalk, and occasionally a node is found bearing two 
buds in juxtaposition. Jeswiet (15) reports the occurrence of doubling 
due to splitting of the normal bud, and also the development of 
adventitious buds, which are either axillary or found on any part of 
the intemode. 

The buds are commonly inserted direcdly above the leaf scar, but in 
many wild canes and in some of their hybrids they occur some distance 
above, as high as the middle of the root ring. Occasionally, th(^ 
buds appear to bo inserted some distance below the leaf scar. Such 
canes usually have sagging leaf bases and protruding sheath scars. 

Much variation is found in regard to the position of the bud on the 
stalk. Sometimes buds that are inserted rather low are located in a 
cavity and then seem very much appressed; this condition is often 
found in canes with a deep and well-developed bud furrow. Young 
buds are usually appressed, and in certain varieties even mature 
buds retain this tendency. When buds mature they frequently 
protrude, pointing aw^ay from the stalk at aTi oblique angle. Buds 
with a varietal tendency to protrude are associated with cane varieties 
in which the intemodes are coiioidal. 

Pubescence of Prophyllum 

The buds of sugarcane, like those of other grasses, arc coveretl 
; with hair. In some varieties the buds are completely covered; in 
j others the hairs are chiefly on the wings. Many cultivated forms ar(‘ 
I only moderately hairy, and some are alnaost entirely glabrous. 

The hairs on the prophyllum are either long, white, often curved, and 
strongly appressed, or very short and of a brownish or blackish color. 
The brown hairs, which Jeswiet (15) regards as the primitive form, are 
often covered up by long white hairs. 

The hairs are commonly concentrated in groups that are similar or 
identical in corresponding regions of the two overlapping halves of the 


• Kedrawn from Jeswiet (gS). 
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propliyllurn. Some of the groups are again duplicated on the poste- 
rior side; i. e., certain groups are actually present in multiples of four, 
although Jeswiet {15) use.s different numbers for them. 

Before entering into any discussion of their relative merit, the author 
will give a condensed form of Jeswiet^s {15) original descriptions. In 
the following list, the 


- i \ \\ 


groups are arranged 'O 

not in numerical order y|l|li / \ 

but rather according / /l\\ 26-30 

to their distribution on ^ /i / //i l 

sides, wing, and junc- '''''AX 

ture of tlie prophyl- f A 

lum. Diagrammatic / y // A/ / 

sketches, showing the 1 / vl 

regional distribution of ^ ^ ' 0 / 1 '' ' ' 

these liair groups are Groups on sides \ l \ \ \W 

given in figure 4. ^ Jr ” ^ 

Jeswiet and his as- 

sociates (J, 6, 11 ^ 30), j ,5 ,5 

who used the hair A A 

groups in describing 

numerous cane varie- A./'' OXa / / ' W*^ 

ties, believed them to B /^/ 

be of grea t taxonomic j ,/. . A A ^ // \ X -4 

va-lue. I)e Calvino / A 'A 

{13), on the other ^ 

hand, considered the \ /^ \ \^\/ 

hair-group method of ^ i,^r, \ / / \\ \/ 

classification as an Groups on uing 

auxiliaiy method and 
of use to technically 

trained persons only. //T\ 

Neither the extreme /V / / 

confidence of Jeswiet Aa Av \ liilA 

nor the equally ex- /^/ ''''XlX; Oi/MW 

trcine attitude of De ///n \ // V V l|l 

Calvino, which rests 19 ■/■if \ IIN 

mostly on an analysis (. 

of conditions pertain- ^6 W A / \)' 

ing to only one variety y / , / A \ Ar 

(Cristalina) , appears Groups on juncture ( \ \ \A 

justifiable to the 
writer. To bo sure, 

the usefulness of hair 4. --Diagrammatic drawing of propliyllurn 

replicated three times, showing location of hair 

gioups in tlie descrip- groups (^4) on sides, (6) on wing, and (C) on junc- 
tion and classification ture between sides and wing. 

sugarcane varieties (Legend continued on following page) 

IS limited, but the 

method may be effectively used if the hair groups, as they occur, 
are coordinated with each other and with other characters. 


Groups on u)ing 


Groups on juncture 


FiGuiiE 4.— -Diagrammatic drawing of propliyllurn 
replicated three times, showing location of hair 
groups (^4) on sides, (6) on wing, and (C) on junc- 
ture between sides and wing. 

(Legend continued on following page) 


To facilitate description and to make data readily available for 
comparison, it is often desirable to break up characters into as many 
fundamental imits as possible. Jeswiet must have had this idea in 
mind when he listed the hair groups on the prophyllum, since their 
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(Continued from preceding page) 

Hair groups on anterior side (fig.^^ A) 

(1) Lateral groups on overlapping halves of prophyllum. Hairs are white, long, 
and cover the base of tlie bud to a greater or smaller extent. 

(2) Basal groups on overlapjiing halves of proi)hyUuni. These strips of short 
hairs are often interspersed with groups of longer hairs alternating with the veins 
and often covering the short hairs. 

(5) Groups of straight or w’avy, very appressed white hairs on one or both sides 
of the germ pore and usually associated with long buds. 

(G) Bands of short l)rown hairs between the veins. 

(9) A group of long lashes implanted in the germ pore on the inner side of the 
propiiyllum. 

(17) Groups of long, often wavy, a])pressed white hairs betw^ecn the veins, giv- 
ing the side a silky appearance. 

(24) Short lashes along the upper half of the membranous margin. 

(28) Incurved and downw^ard- pointing hairs immediately above the germ pore 
on the posterior side of the prophyllum. 

(30) Short, inw-ard-pointing lashes on edge of germ pore. 

(31) A group of long, white, dovvnw^ard-pointing hairs implanted at the point of 
insertion of basal appendage. 

(32) Short brown hairs on the surface of basal appendage. 

Hair groups on posterior side (fig. 4, A) 

(10) Groui> of long hairs im})lantcd on the tip of tin* side betweem the veins and 
possibly oxt(5nding into region of wing. Hairs may or may not {)r()trudc above the 
bud. 

(18) Strip of long white hairs along basal edge. The hairs may be long or very 
short, restricted to the center or distributed over entire l>a.sal curve. The hairs 
may form a compact row or small groups. 

(20) Short brown hairs betw^een the veins. 

(23) Short browui hairs on tij), often masked by hairs of group 10. 

(25) Long white liairs between the veins. 

Hair groups on anterior toing (fig. 4, B) 

(3) Long, white hairs on base of wing. 

(4) Long, white, oblique or appressed lashes on edge of wdng, limited to basal 
region or occurring over entire edge. 

G2) Small, brownish hairs on surface of wing. 

(13) Long, appressed hairs on surface of wdrjg. 

(15) Lashes at tip of wing; may be considered a part of group 4. 

Hair groups on posterior iving (fig. 4, B) 

(14) Long, appressed, white hairs on surface of wing; rarely found in Saccharuyn 
ojficinarum. 

(21) Short, brown hairs on surface of wing. 

(29) Long, white hairs on base of wdng. Groups 4 and 15 shared with anterior 
of wing. 

Hair groups on anterior juncture (fig. 4, C) 

(7) Groups of short, brown, or long, white hairs above central germ pore. 

(8) Long hairs appressed in regard to the wu‘ng or projecting above the wing. 

(11) Long, wavy, white, axjpressed or protruding hairs on juncture of wing just 
beneath the wing tip. 

(16) Groups of long white hairs implanted on a broad base in the basal depres- 
sion between sides and wing. 

(26) Long lashes in corners of the wing. 

Hair groups on posterior juncture (fig. 4, C) 

(19) Groups of long, white, and appressed hairs inserted in the basal corners 
and sometimes protruding above wing. 

(22) A narrow band of appressed, long hairs, often forming a connection between 
groups 19 and 10. Group 26 is shared with anterior juncture. 
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rminber iippears to be far laiger 1-ba.Ti a conservativo estimate based 
on tundamental types and regional distribution would warrant. A 
list of these small units, each designated simply l)y its number, 
should snfliee when writing up descriptions, deswiet not oidy lists 
but descrilx^s the hair groups for each single variety. 

O'rtain liair groups, a.s for example group dl, are found only in 
one restricted location. Others overlap, as for exam])lc grouj)s d 
and Id, while some a,r(> definitely compound in that they include 
hairs from different groups. 

Groups 1 ami 2, fringing the l)asal part of the j)rophyllum below 
the insertion of the wing, are fundamentally one. The fact that the 
hairs of grou]) 2 are at times short and straight instead of long and 
wavy is not important, because of the existence of many transitional 
types. Groups o and 17 are also fundamentally alike. Although 
group 5 is suf)posed to be located mair tlie germ pore, Jeswiet’s own 
illustrations often show the two groups intermixed. Groups 20 and 
2d sliould be united, since the only difference between them is the 
restricted hxaitioii of group 2d. Groups 24 and dO belong together, 
as already suggested by deswiet, and so, for similar reasons, do groups 
4 and 15. Grouj)s d and Id, on the anterior wung, and groups 29 
and 14, on the ])ost(u*ior wing, are fundamentally the same, grou])s 
d and 29 being the basal ])arts of groups Id and 14 res])ectively. 

In studying the buds of a large and varied collection, one comes 
across fonns where tlie natural regional grouping of hairs does not 
conform to the tlu'oretical plan. Often tbe luiirs of groups 3, lb, 
and 2(), found on the basal part' of wung and juncture, are grouped 
so closely as to forju a single unit (fig. 5). The same arrangement 
often is found also in the corresj)onding groups, 19, 29, and 26, on 
the posterior side. Grou|)s 11 and 10 are usually diflicult to delimit. 
Group 11 very frecpiently (*on tains elements of groups 13 and 17 
(fig. 5); indeed, Jesw'iei includes group 1 1 in grouj) 13. This, however, 
may not always be done justly, since hairs of grouj) 17 are frequently 
a, comj)onent ])art of group 1 1 . Group 10 shows probably t he greatest- 
amount of variatiom. There are some buds where grouj) 10 is def- 
initely implanted in the tij) of the j)roj)hyllujn. ()ften when tlu^ 
group is large, elements of group 25 are undoubtedly a.dded; or, if 
the group is broad, ehuuents of group 14 are included. Jeswiet 
refers to the fact that no e<|uivalent for grouj) 11 is found on the 
posterior side. Since in c'ertain buds grouj) 10 appears to be made 
uj) of two halves, it is j^ossible that sojue elements of the two halves 
are the missing grouj). 

The status of the hairs, in the germ j3ore, grouj)s 9, 28, and 30, 
does not seem very clear. Group 30 should be considered as belong- 
ing to 24, as already suggested by Jeswiet. Group 9, as des<‘ribed 
by Jeswiet, has never been observed by the writer. Not infrequently, 
however, long hairs have been seen issuing from the germ pore, but- 
these hairs alwuiys belonged to the anterior part of an enclosed leaf. 
Group 28 is supj)osed to be inserted in the hollow^ of the prophyllum 
just above the germ pore and majr be just a modification of group 
30, i. e., a part of group 24, winch is tlie general desipiation for 
liairs fringing the membranous border of the overlaj)ping half of 
the anterior side. 
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In a number of varieties the overlapping margin near the germ 
pore is covered with long, dense hair (fig. 5). These hairs may be 
a (‘.ontiniiation of group 24, but they differ from that group not only 



Fkhtre 5. — Buds of two Hawaiian Original varieties with typical hair groui)s 
on anterior (Ay B) and posterior (C, D) sides of prophyllum. X 6. 


by their greater length but also by their distribution, not being 
limited to the margin but covering a prominent band near the margin. 
They do not seem to fit any of the known groups and should be given 
a separate number unless the limitation of group 24 is less 
restricted. 
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MORPHOLOGY OF THE LEAF 

In general appearance, the leaves of sugarcane are like those of 
otlier grasses. They are borne on the culin in two ranks, one at 
eacli node. The number of leaves on a stalk varies with the variety. 
As new leaves progressively unfold, old ones are shed, so that the 
number remains approximately constant throughout the vegetative 
life of a stalk. 

Each leaf consists of sheath and blade. At the juncture of sheath 
and blade is the blade joint with its specialized regions (pi. 6 , (7, I)) \ 
while at the base of the sheath, where the leaf joins the stalk, there 
is a distinct swelling the leaf sheath node or sheath base (pi. 6 , B). 

I.EAF BLADE 
General Morphology 

Leaves when immature are usually stiff* and erect. They may 
retain this position on maturing except that the tips may droop. 
Most often the blades are ascending; in some varieties, they spread 
fanlike in a gentle curv^e. 

The blades may be long and narrow or relatively broad, tapering 
toward the apex, often ending in a long, fine point. There are canes 
in which the lamina is regionally reduced to the width of the midrib. 
In these varieties the blade is narrowest where it joins the sheath; it 
gradually broadens and tapers again toward the apex. Many leaves 
are relatively broad at the base; they retain this width to a point just 
below the middle of the blade; from there on the width gradually 
decreases upward toward the tip. Length and width vary greatly 
and do not constitute a reliable character. But the latio of length 
f.o width was found to be constant by Panje {29) for varieties of Sac- 
eharum spontanevmy and this relationship probably holds true for 
other groups. 

The color of the blade is commonly a medium green, parts that arc 
much exposed to the sun showing a reddish cast. In some varieties, 
especially in the juvenile stage, the color is decidedly reddish or 
])ur])lish. If much wax is present, the lower surface appears bluish. 
In varieties with Clnmnee blood, according to Jeswiet {15)y the dark- 
green surface of the blade is usually dotted with yellow^ patches. 
There are canes in which both the upper and the lower surfaces are 
covered with a pronounced velvety i)ubescence; in these, the color of 
tlie blade is gray, often with a reddish (*ast. 

The blade is divided by fhe midrib into halves that are asymmetri- 
cal, since the part of the blade that corresponds to the underlying part 
of tlie sheath is usually broader tlian the other half. The midrib is 
usually prominent. In some varieties it is thick and heavy, in others 
flat and inconspicuous. Its lower surface is usually dark green, in 
some varieties marked with a lighter stripe that runs along the center. 
In tlio varieties of Saccharum spontaneum the midrib is usually white 
on the upper surface, or lighter green than the lamina. The upper 
surface of the midrib is channeled, while the lower side is convex near 
the base. The midrib is always widest at the base and gradually 
tapers toward the apex; at times, it fades altogether before reaching 
the tip of the lamina. 
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The veins run i)nnillel to the midrib. They are of different thiek- 
ness, a faet apparent to the naked eye in some varieties hut more 



Fkjure 6 . — Hairs and spines on leaf and sheath: 
A, Surface view of hulliforiii zone of the up]>er 
ei)idermis of the blade; in the center is shown the 
base of a velvety hair (j?roiip 07) ; at the right, cells 
from marginal zone witli short spines. X 300. B, 
Same as A but taken from lower epidermis; cells 
surrounding base of hair are very thick-walled. 
X 300. C, Stomatal groove in lower epidermis of 
Saccharum spontimeum. X 480. A), Short spine 

and two-celled hair from leaf sheath. Spines 


r(‘adily rt'cof^r.ized with 
th(' aid of a microseop(' 
in others. In some 
l(‘aves the lamina looks 
(‘onspieuously ribb(‘d ; in 
otluTs, not (*v(‘n tin* 
hirg('r ])rimar;/ v(Mns 
|)roj('et abov(‘ tlu* half 
surfaet'. Tlu' strueturc' 
of the v(‘ins and its 
relation to tlu' ('pidc'r- 
mal ])att('rn Vvill l)e 
discuss('d below. 

Although littl(‘ infor- 
mation concerning t(\\- 
liin‘ of |{‘av('s is to b(‘ 
found in v^arietal d(‘- 
scri])tions of sugarcan(‘, 
tlu're (‘xists much vari- 
ation b(dw('('n different 
varieties. Even to the 
casual obs('rvei\ soim* 
leavers app(‘ar thin, 
others lu^avy; some f(‘(‘l 
smooth, oth(*rs rough 
to th(‘ touch; som(‘ 
halves apixair leatliery, 
otlu’rs relativ(‘ly suc- 
cul(*nt. 

PUHESCENCE 

Th(‘ microscopic j)u- 
l)(‘SC(‘nce of the huif will 
b(‘ d(‘seiib(‘d in detail 
in the discussion of th(‘ 
structun' of th(‘ l(‘af 
e|)id(Tmis. In addition 
to this, tlnu’e an' two 
hair groups, d(*signated 
by Jeswic't as groups 
o3 and 07, wliicli arc’ 
readily visible to the 
naked eye. Group 53 
(fig. 0, /^) is always 
present, though not 
always prominent, while 
group 67 is relatively 
rare. 


from edge of leaf blade. F, Oue-celled hairs from 
dewlaps. O', Solitary spine from midrib region of 
lower epidermis of blade. 77, Clustered spines 
from the lower, epidermis of the blade. 


The hairs constituting 
group 67 are found in 
the intercostal region 
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of tlie 1()W(4* surface and in tlie zone of biilliform cells of the upper 
surface (fig. 0, A). They arc relatively large, long, and soft, as in 28 
N. (j. 88, Iinj). 477, or, occasionally, very stiff. The base of these 
hairs is raised and is coini)osed of more or less concentrically arranged 
c(4ls. The walls of these cells are thicker and more heavily silicified 
than tliose of the neighl)oring tissue (fig. (i, fl). The hairs are always 
most abundant in the region just above the dewlaps, and denser near 
the midrib than at the leaf margin. The margin itself is ])rotected 
by stiff ascending bristles (grouj) 7)8). In the region just above the 
bia(l(‘ joiid, these hairs are long and relatively soft; higher up, they 
are short and stiff and often form double rows. 

Mim DKHM A li STUUeTITUK 

Th(‘ el(MiH‘nts of the leaf epid(‘rmis are essentially those of the stem, 
except that they are modified so as to a(la])t them to the function of 
assimilation and ])rotection. In both stem and leaf we recognize a 
definite epidermal i)attern, but, while the stem structure is homoge- 
neous throughout, the leaf shows a ])eriodically recurring design that 
is related to tlie tissue elements underlying the e])idermis. 


( ROSS SECTION OF LEAF 


An understanding of th(‘ inner leaf struetur(‘ is desirable for the rec- 
ognition of this j’(‘lationshi|); to facilitate it, a leaf cross section with 
the coj’j*esi)onding lower and upixu* epidermis in face view is given in 
figur(‘ 7. It will 1)(’ seen from a study of the cross section that groups 
of ej)id(‘rma] c(4ls alternately abut on sheath cells and parenchyma 
cells and that tlu' u])])(*r l(*af surface' has, in addition, bands of bulli- 
form (*l(*ments usuall.y sewiTal cells wide. 14ie cross section shows 
furth(*j' that tli('r(' are' bunelles of eliffewnt size's that alte'j’iiate with 
e)ne ane)theu'. Bundle's large'r than tlieise shown in figure 7 oce'ur at 
gieate'r inteuwals and thc'se' alte'rnate with still hu’ge'r buiidles (pi. 7, 
A, B). The latte'r Ibrm the ])jimary ve'ins e)f the' h'af and are reaelily 
se'e'n with the nake'd e'ye', being thie'ke'r than the' intevrceistal area and 
])re)jee*ting as me)re eu* le'ss pj-omine'nt rielge's. Altogethe'r, the'j’c are 
ve'ins e)f three' e)r Ibiu’ diflerent magnitJide's, eiccuriing at re'gular inter- 
vals. All the ve'ins are' structurally similar; all e'xcept the smalk'st 
have two scle»re'nchynia e‘a])s abutting e)n the le)we'r and upjier e'pide*r- 
mis. The xyle'm cap e)f the smallest ve'ins does ne)t reach up to the 
up])('r e'i)id('rmis but beirde'rs e)ii a greiup of bullifeumi e*ells of whie*h 
the' oute'rmost are an integi'al part of the epidermal striie*ture. 

LOWEK EPIDERMIS 

The surface view of the lowe'r ('pid(>rmis e)f tlie blaele (fig. 7, C) shows 
lemgitudinally running bands of cells of different designs alternating 
with one another. The position of these bands, as seen in the adjacent 
e-ross section (/i), shows a definite relationship to the tyi)e eif e’clls 
underlying them. 
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Most conspicuous are the bands containing stomata. They are 
approximately tliree rows wide and consist of stomata alternating 
with long cells. At times, the rows of stomata are completely or part- 
ly separated from one another by a row of long cells alternating with 
groups of short cells. 

The stomata! bands are flanked by strips of long, narrow cells that 
overlie the sclerenchymatous bundle (*aps. As the bundles, which 
alternate with one another, vary in magnitude, the number of rows 
constituting the tissue betw^een stoma tal bands differs accordingly. 
The narrow^est bands are made up of just a lew' rows of elongated cells 
that may be separated from one another by cork ct'lls oi‘ cork and silica 
cells. Bands overlying th(‘ large primary veins are much broader. 
Tlie middle row’ of such a band and sometinu's two adjacent or closely 
adjoining rows are made u]) (‘iitirely of groups of short cells. 

In addition to the cells mentioned, the lower ('])idennis of the 
blade has one or se'veral types of hairs. Always yu’esent, though 
in varying numbers, are a])y)ressed two-celled hairs, wdiich are most 
commonly found among the cells bordering the bands of stomata 
and occasionally scattered among the stomatal row's. Not always 
l)resent but sometimes exceedingly numerous are short spines (lig.6, 
(?, //), either associated with the two-celled hairs or more usually re- 
stricted to the bands of long cells overlying the veins. The spines most 
often y^oint upward in the direction of the longitudinal axis, but 
they may be variously oriented. They may be entirely wninting or 
they may occur in such large numbers as to form one or several uninter- 
rupted rows. Most significant is their presence in certain varieties 
of Saeehmurn spontanejm y where the stomata an' sunken, forming the 
so-called stomatal grooves (pi. 7, Cy />, and fig. 6, C). Their occur- 
rence has be('n associated wdth varietal resistance to mosaic {S‘£)y 
since, wherever they occur, plant lice have no access to the stomata. 
In this connection, how'ever, it is well to remember that stomata are 
also found on the uy)per leaf surface, wdiere they are not similarly 
protected. 

UPPER EPIDERMIS 

Except for the added jiresence of bulliform cells, the elements 
making up the upper epidermis are the same as those found in the 
lower though in (lifterent y3roy)ortions. The bulliform cells are easily 
the most outstanding structural characteristic of the upy^er epidermis. 
Depending, as a rule, on the relative size of the veins and the'ir spacing, 
the bands of bulliform cell rows are wdde or narrow, crow^ded or far 
apart. The cells themselves often differ with the variety. In some 
varieties, they are of a honeycomb pattern ; in others, they are squarisli, 
somewhat elongated, or broader than long. 

The tissue enclosed by the two bands of bulliform cells is for con- 
venience divided into several zones, for which details are given in 
tlie composite drawing of cross-section and surface views (fig. 7). 

Figure 7. — Ay Surface view of upper epidermis of blade. X 320. huly Bulliform 
cells; centy central zone; maty marginal zone wdth two-celled hair and short syiines; 
sty stomata. B, Cross section of leaf; different types of epidermal cells more or 
less in juxtaposition with their kind in surface view. X 320. C, Surface 
view of lower epidermis. X 320: ?n/, Eyiidermal tissue overlying intercostal 
region; v, epidermal tissue overlying veins. 



Vo). Co, No. K 


526 Journal of Agricultural Research 


Adjacont to the biilliform l)ands and limited on the other side by 
one row of stomata is a tissue tliat may be called the marginal zone. 
It is from one to five cells wide and contains two-celled hairs and 
spines. The two-celled hairs are always present, though in varying 
numbers, and are usually found in the row^ directly adjacent to' tlie 
bullifojin cells. Spines are absent from some varieties; in others, 
tliey may be scarce or abundant. The marginal tissue itself is cojii- 
posed of long cells alternating with short groups that often lack 
silica cells. Wlierever luiirs or spines are present, tliey take tlu^ plac(* 
of silica cells in the sliort grouj). 

Stomata occur normally in single rows; sometimes their distribu- 
tion is somewhat staggered, giving the im])r(‘ssion of two rows. In 
some of the wild cam's, Sliantir Barhni (Saerharu/n narenga Wall.) 

for (‘xainph', there an' two and 
ev(‘n thr(‘(' rows of stomata. 

Th(' r('lativ('ly broad band of 
tissue betwec'U tlu' rows of sto- 
mata, th(‘ so-call('d ci'ntral zone', is 
composed of elongat'd cells or 
long cells alternating with short 
groups. Fi“(‘(iuently the long cells 
arc' found in uninti'rnipted rows, 
and ofb'ii the silica ec'lls an' want- 
ing from tin* short groups. Tlu^ 
central zone is frecjuently divided 
by a narrow' band of uninter- 
ruptc'd short ci'lls, eomposcHl of 
cork and silica cc'lls alt(*rnating 
with out' anotlu'r. Sonu'times a 
few of the silica cells are rcphu'cd 
by sliort spines. Th(\s(‘. may be- 
cojiu'. very largt' as compared to 
the surrounding cells. Such giant 
spines are fre(jU('n(ly found in the 
upper epidermis in vari('ti(‘s of 
Saccharum spontaneum (lig. 7, A). 
Where tlu' tissue' enclosed betw(‘(*n 
two bands of bulliform cells is 
rather narrow, the central zom^ 
lacks th(^ rows of short cells and tlu' 
marginal zone is only one or two 
cells wide. 

LEAF SHEATH 

FiouttE 8. — Structure of sheath. To General Morphology 

stiow" the parts of the blade joint, the 

sheath is drawn without the part of The leaf sheath (envelops the 
the stem that it normally encloses, cnlni above the node and fonns an 

open tube with the margins over- 
lapping (fig. 8), the overlying margin being alternately the right and 
the left in successive nodes. Flattened out, the sheath represents a 
rectangular surface, slightly contracted where it joins the lamina 
below the blade joint and flaring out where it envelops the node 
(fig. 9). The degree of ov('rlap varies greatly and is not a fixed char- 




Morphology of the Vegetative Organs of Sugarcane 


PLATE 8 



-4, Structure of blade joint of Teboe Glongong {Erianthus arundinaceus). Note 
the narrow leaf blade, the steeply sloping ligule with dense pubescence back of 
it and pseudo-midrib of sheath below ligule. JEf, Sheath base region of same 
variety. Tissue of sheath joint darkly discolored. Hair group 59 prominent 
in sector adjoining ov^erlying sheath margin. 
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PLATE 9 



A, Structure of sheath base: Straight, somewhat saccate, and overlying sheath 
margin not decurrent. B, Overlying sheath margin decurrent and appendaged. 
C, Overlying sheath margin prominently decurrent. D, Pubescence of sheath 
base region: a, Hair group 64; 6, hair group 62; c, hair group 69; d, hair ^oup 
59; e, separate group, generally considered as belonging to group 64. E, Over- 
lying sheath margin decurrent; prominent hair group 64 and partially developed 
group 59, which in region of sheath margin joins with group 64. F, Decurrent 
and appendaged sheath margin with prominent tuft of hair on lowest tip. 
This group corresponds to e of figure I). 
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acter. Usually the circumferenee of the leaf sheath at its base is 
about one ami one-third time's, in wild varie'ties up to one and one- 
half time's, tliat of the steuii. 

The lem^th e)f the sheath elilfers with the variety- fre)m 15 to 52 eun. 
in the varieti(>s stuelied but within varietal limits it is fairly e'onstant. 

The slum th is thieke'st meelially anel often bulj]:('s, sadike, just 
wheu*e it (a)V('rs the ()uel (pi. 0, B). It is thinner towarel the marj^ins, 
forming n(*ai' its l)ase a wiele or narrow 
luevinbranous bemler, which on maturity 
be'eauiK's elry anel brown. 

Th(‘ shemth, like' the lamina, contains 
many i)aralle'l V('ins, but tlu'se are me)r(‘ 
w idi'ly spae*(Ml than in the' blaelc. TIu'V 
an* large'st in the' nu'dian part, graeluaJly 
l)e‘Coming smaller towarel the edge's. 

Usually there is no midrib, although 
in Tebo(' (Uongong (hJriantIms arundi- 
naceus (Re'tz) Je'sw i('t) themielrib of the 
blaelc e'Xte'Uels inte) the uppe'r part of the 
she'ath (pi. 8, d). 

The she'ath is inse'rte'el iji the' tissue 
of the' ne)ele', fe)rming an eve'n line' around 
the stalk (|)1.9, .1). In Jiiany varietie's 
the' ove'ilying e'elge of the she'ath runs 
dowui the stalk, ofte'ii e'luling in an in- 
e'e)nspicuous ora me)re e)r k'ss preunine'nt 
ap[)e'nelage' (pi. 9, H F). 

The re'gion imnie'eliate'ly abe)vc the 
line* e)f inse*rtie)n e)f the* she'ath is calle*el / 

the h'af-sheath ne)ele, or she'ath base. 

It is a zone e)f nu'riste'matic tissue, freuii 
which the sheath e'longate's, anel is com- 64 
parable to the grow th ring e)f the stem. 

Structurally it re'lh'cts the' medeling in- 
11 uene'c of its loe'atie)!!, wiiich eleiuamls 
gre'at e'lasticity of tissue's ce)mt)ine'd with 
late maturing. This re*gio?j |)e)sse'sse's 
incre'ased flexibility, attaine'd by replace- 
ment of the sclerenchymatous e'le'im'nts 
in the vascular bunelle* sheaths by ced- 
le'nchyma, anel also greater stre'ugth elue 
to small-cedled pare'.nchyma occurring in Fj(j urk 9. Surface vienv of sheath, 
regions where large air cavities are «'■<«">•>(? locut.on of ha.rgroups, 

usually found. When the sheath is fully 

grown though still young, the sheath base is set e^ff from the' rest of 
the sheath by a difl'erential color, generally yellow' orange*- or yellow' 
green. In varieties that retain the'ir h'ave's, e'ommonly in wuld cane's, 
this color darkens as the leaf age's (pi. 8, B), 

In canes where the stem cleans itself naturally, the sheath base of 
old leaves disintegrates, and when a leaf elrops e^flf, a scar remains (pi. 
6, A), In most varieties, the scar is at right angles to the internode 
though it may be oblique to the axis of the culm, or the leaf scars are ^ 
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I somewhat oblique in relation to each other. In some forms the scar 
! is even, small, often closely appressed to the stalk on the side oppo- 
i site the bud, and in others, especially in canes with pronounced sac- 
cate sheaths, the scar is squarrose and often sags and spreads under 
the bud (pi. 4, C')- . . 

The color of the leaf sheath is usually light green, sometimes flushed 
with dark red or purple. The sheaths when young often have a 
purplish hue; later they may be green. The edges^of the sheath 
are translucent, or they may be reddish. In some striped canes, the 
color pattern extends into the sheath and, in variegated leaves, even 
into the lamina. The dark stripes of such canes are usually pro- 
duced by pigmentation of all layers immediately beneath the epi- 
dermis; tlie white bands are due to regional lack of chlorophyll. 

Wax may be deposited uniformly and profusely all over the sheath. 
Some varieties are only slightly or not at all waxy. Wax deposits 
vary locally and with age. 

The surface of the sheatli is smooth or covered with a vestiture of 
hair. In some canes, hairs are present only on the first-formed 
sheaths whereas in the later ones the surface is glabrous. The hairs 
of the unexposed sheaths are much appressed, becoming declinate, 
especially in the upper region, when the sheath is exposed. 

PUBESCKNCE 

Just as some buds are entirely clothed with hair, some sheatlis are 
also completely covered. Most often, however, the hairs are con- 
centrated in certain regions which have been delimited by Jeswiet 
(15), who made extensive use of them in his description of (*-ane 
varieties. 

The numbering of the hair groups on the sheath as given by Jeswiet 
(15) has been retained, but, as in the case of the bud, changes have 
been suggested and illustrations have been introduced wherever it 
seemed necessary to clarify the situation. 

Jeswiet group 67 . — According to Jeswiet, this grouj) is of greatest 
limportance in making determinations. It is found in many cane 
fvarieties and it covers the outer surface of the sheath to a greater or 
lesser degree. In some canes, this dorsal field is very small, is usually 
inserted high, and consists of only a scanty covering of hairs. Other 
similarly implanted patches are narrow at the base and then broaden 
out. Some dorsal fields are implanted low and extend up to the region 
of the blade joint. In a few canes there is only a small central patch, 
either linear or lenticular in shape, while in others the field is very 
irregular and in places so broad as to encroach on the membranous 
border. The hairs of the dorsal patch may be sharp and long — up to 
4 mm. — or relatively short and then usually associated with weakly 
developed fields, 'the hairs are almost always inserted obliquely, 
often appressed but at times almost erect in the upper region of the 
patch. 

Jeswiet group 60 . — The two hair groups on the sides of the leaf 
• sheath, the lateral patches, often occur together with the dorsal 
I group, but they are found in fewer varieties. The arrangement on a 
‘ given sheath is often asymmetrical. Sometimes the lateral field of 
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the overlying margin is very small, consisting of only a few rows of 
hairs, while the field on the underlying margin is well developed. 
The lateral patches are practically always inserted high and usually 
terminate immediately below the dewlaps. In some varieties, for 
example Hinds Special, the lateral field of the inner sheath margin 
extends onto the auricle, a condition whieli is even more pronounced 
in some wildcanes (Shantir Barhni). Here thepubescenceissodenseall 
over the sheath that no separate groups can be recognized. In 
variety 28 N. (i. 49, the lateral patch broadens just below the collar, 
forming quite a conspicuous fringe at the basal margin of the dewlaps. 
Sometimes the lateral patches are rather long, extending over three- 
fourths of the length of the sheath. They are usually very narrow' 
and remain linear, or they may dare out some distance above their in- 
sertion and even partly fuse with the dorsal patch. The hairs of the 
lateral patches are in length and general character like those of the 
dorsal i)atch. 

Jeswiet group 6(1. This group consists of long or short lashes on 
the upper part of the sheath margin. In wild canes, where this 
(*luiracter is best developed, prominent lashes are found on both 
margins. The group is wanting in most noble canes and is only weakly j 
developed in some of the hybrids between Saceharum offiemarum 
and S. spontarieum. Apically the group occasionally abuts on and/ 
becomes continuous with the marginal cilia of the auricle (pi. 10, C)] 
In some varieties with pronounced lateral patches in which the hairji 
crowd up to the margin, the cilia of group 56 become inseparablV- 
mixed with hairs of the lateral patch. 

A casual examination shows that the region of tlie base of the sheath 
is usually smooth, though there are frequently a few small, fairly well- 
defined liair groups present. Some of these groups belong to the 
leaf-sheath base. These often stand out most clearly in young 
leaves, and sometimes they are conspicuous after the leaves are shed. 
Other grou|)s are found on the surface and margin of the decurrent 
basal part of the sheath. 

According to Jeswiet’s description, group 62 consists of silky long ^ 
hairs covering the lowest tip of the overlying sheath margin, found 
frecpiently in seedlings containing Chimnee blood. Group 64 is . 
found in the same region, forming laslies at the lower end of the margin. 
Jeswiet provides no illustrations for these groups, and his descriptions 
do not always localize the groups sufficiently for clear diagnosis. 

The material examined in the course of these studies shows group, ' 
62 as a rather inconspicuous accumbent patch of fairly long, soft,} 
sometimes feltlike hair (pi. 9, D). The basal part of the decurren^ 
margin is occasionally ciliate, and the cilia are easily recognized as 
group 64. Frequently, however, a third group of downward-decli- 
nate cilia is seen immediately above the insertion of the basal append- 
age. Jeswiet refers to this corner group in some of his descriptions 
but includes it, as the case may be, sometimes under group 64, some- 
times under group 62. Because of its frequent and localized occur- 
rence it should, perhaps, be given a separate number. 

Some cane varieties often show a distinct pubescence on the sheath 
base. The hairs are short, medium long, or very long, and usually 
point upward, being either appressed or slightly ascending. The 
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liairs may form a (*-om})lete or a broken circle. Often tliey are most 
numerous and long in that part of the circle which overlies the l)ud; 
because of this i*egional prominence, ffeswict treats them as a sepa- 
rate group under No. 09. However, on the opposite side of the bud, 
in the immediate vicinity of the overlying decurrent sheath margin, 
a similar concentration of hairs occurs in some varieties (especially 
conspicuous in Teboe Glongong, pi. 10, B), which bears no separate 
i number b\it is treated under grou]) 59. For the sake of consistency, 
this tuft should also bear a separate number, or else there should b(‘ no 
division at all made in tin' original group. 

Sometimes the liairs found in the intercostal region of the sheath 
l>ase, which will be mentioned again in the study of the epidermis of 
the sheath, are especially jirominenl, simulating a weakly developed 
group 59. Sometimes the hairs are short and black and extend lower 
<lown into the wax hand of the internode below. In canes wheri^ this 
condition is pronounced, it constitutes a valualile character. 

KpIDERM AL StKI'CTTTKE 

The epidermis of the slieath, like that of the blade, overlies two 
specialized regions: intercostal area and vein tissue. The intercostal 
areas of the sheath are much broader than the corresponding areas in 
the lamina, and the epidermal pattern is miuii more regular. 

The epidermis overlying the intercostal region consists of regular 
long cells alternating with groups of short cells (fig. 10, /I). Hairs 
are of frequent occurrence. The two-celled type (fig. 0, />) is always 
present, though in varying numliers, being most abundant in the 
region above the sheath base and sparsest in the apical regicnn Dif- 
ferent varieties differ as to the relative distribution of these hairs. In 
some, the hairs arc f(»w; in others, they form a feltlike covering. 
Short solitary spines are also often found in combination with groups 
of short cells (fig. 0, I)) or occurring singly between two long cells. 
In addition to the short spines, there are relatively large spifies pres- 
ent, making up groups 57 and (iO, which have been described in an 
earlier section. 

The epidermis overlying the vein tissue is se[)arated from the inter- 
costal region by a single row of stomata which may be locally stag- 
gered, giving tiie appearance* of two rows. The epidermal tissue of 
the vein region may consist of either one or two types of cell rows: 
rows made up of very long cells (fig. 10, B) wliich may alternate 
with short groups, or rows made up entirely of cork and silica cells 
(fig. 10, ( 7 ). One or the other type predominates, depending on the 
variety. In some canes, there is a large number of adjacent rows 
composed of short cells only; in others, a few long cells are interpo- 
lated within the rows. Frequently bands consisting of rows of short 
cells are separated by narrow bands or solitary rows of long cells. 
In some cane varieties the entire vein area is overlaid by long cells, 
while in others there are bands of only short cells, often bearing soli- 
tary declinate spines. The occurrence of spines in this zone is a vari- 
etal character. The spines may be few in number and scattered or 
rather numerous and then in more or less broken rows. They point 
occasionally in the direction of the vertical axis, though more often 
they are obliquely declinate. 




Structure of ligiile and auricles. Color values are reversed, since photographs 
were taken directly on paper. Small outer auricle of Chunnee, showing 
prominent venation and long cilia on upper free margin (liair group 54). X 3. , 
B, Symmetrical cresent-shaped ligule, rather tall and not sloping; both auricles { 
inserted high and on the same level. X 1%. C, Small deltoid auricle with cili- ' 
ate free margin. Projecting hairs on outer surface belong to groups 56 and 60. 
X 3. Of Arcuate type of ligule. Inner auricle large and lanceolate, outer , 
one small and deltoid. X l}i. P7, Inner surface of dewlap with well-developed/ 
hair group 52 and inconspicuously developed group 51; auricle very small 
and of transitional type. X 1>2. F, Flank qf ligule steeply decurrent; auricll 
absent. X 3. (r. Long cilia (gro^i ’^ Kassoer oa’ig 
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There is a sli^lit consistency io the distribution of certain elements 
of the e])iderinis of stem, sheath, and lamina. 



Kkjure 10. — Kpidcrinal tis-siie overlying interco.«tal area of sheath, X 500. 
/:?, Tissue from region overlying vein: rows of short cells alternate with rows 
of very narrow elongated cells, X 300. Cy Tissue from region similar to B 
but from another variety; practically the entire tissue is composed of short 
cells, X 320. 

BLADE JOINT 

Blade joint is the name g:iven to that part of the leaf where the lam- 
ina joins the slieath (pi. 6, C, D). Tlie inner surface of the blade 
joint is known as the throat; it is limited basally by a membranous ap- 
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penda^e called the li^iile. The region forming the back or outer sur- 
face of the blade joint is the collar. It is composed of two somewhat 
triangular areas that difl‘er in color and texture from the surrounding 
tissue; these areas are known as the dewlaps, or joint triangles. Pro- 
jecting from the sheath margin below the blade joint are pointed 
appendages known as auricles. 

Dewlaps or Joint Trianoles 

r.ENERAL MOUPHOLOOY 

The dewlaps, or joint triangles, form the flanges of the blade joint 
(fig. 11). They are provided with folds which give the leaf mobil- 
ity. Structurally the vascular tissue in this region resembles that 
found in the sheath base. As in the latter, the large bundles have 
much collenchyma while the xvlejn consists of spiral vessels. 

Although the shape of the dewlaps on successive leaves of a stalk, 
from the youngest to those fully grown, may vary, there is, never- 
theless, a prevailing type pattern. For comparison it is best to 
select leaves that are mature or almost fully grown and in which the 
dewlaps have not suffered from the effect of adverse environmental 
conditions by becoming frayed at the edges or even torn. Also, 
because of a pronouncecl asymmetry in the structure of most leaves, 
only related sides should be compared. 

Dewlaps belonging to the youngest leaves are usually of a diffenmt 
color from those of mature organs, though sometimes the color dif- 
ference is one of degree rather than of kind. Many dewlaps when 
young are at first a bright red ; when mature, a bronze brown. Otliers 
when young are yellow; later, a shade of olive. Some are at first 
grass green, turning to yellow green or olive on maturing. In some 
varieties, the color of mature dewlaps is brownish or almost black, 
often modified by the presence of wax or hair. The dewlaps are 
usually colored uniformly but in some varieties they are promi- 
nently edged with yellow or a tint of red. 

The outer surface of the dewlaps is more or less heavily waxed, 
the inner surface less so. The amount of wax deposit varies from a 
faint bloom to a heavy layer that often hides the natural color or 
greatly alters it through discoloration upon aging. 

In' the narrow-leaved wild canes, the dewlaps are always triangular, 
the apices of the triangles almost meeting on the back surface of the 
midrib. There is a great variety of forms in the broad-leaved noble 
canes, but these may be readily assigned to one of three basic groups — 
the rectangular type, the deltoid or triangular type, and the ligular 
type (fig. il, A-I). There are many intermediary forms that tend 
to bridge the difference between the three patterns. 

The shape of the dewlaps is influenced by the slope of the ligule, 
which marks their lower boundary. In practically all young dew- 
laps and in many mature ones, the base runs horizontally either in a 
straight or curved line (fig. 1 1, /) ; it may also be more or less undulate. 
It may have the same outline as the lower margin (fig. 11, /), or 
there may be a depression in the upper margin in juxtaposition with 
an elevation in the lower. The outer dewlap margin extends between 
blade and sheath, and its curve influences the shape of the dewlap. 
In some varieties, the blade and dewlap margin forms a straight. 
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vertical line; in others, the dewlap has a slight bulge or a depression 
(fig. 11, //) often just above the termination of the ligule and most 
pronounced on the dewlap corresponding to the overlying sheath 
margin. 





Fkiure 11. — Types of dewlaps^: Ay Very sloping, narrow triangular-lignlate dew- 
lap, Hawiian Original 24; /?, very slo))ing, more or less ligulate dewlap, Loui- 
siana Striped; C, tall triangular dewlap with convex upper and lower margin, 
Rayada; />, squarish type of dewlap, Tekcha; typical deltoid dewlap, 
Hatooni; F, triangular dewlap of the type found in varieties of Saccharum 
spontaneum; Gy triangular dewlap with horizontal basal margin; //, more or 
less triangular, sloping dewdap with horizontal upper margin. Striped Mauri- 
tius; /, typical ligulate dewlap, very narrow and practically horizontal, 28 
N. G. 251. 

PUBESCENCE 

The dewlaps have a sparse, dense, or even feltlike pubescence, 
which is almost always more prominent on the inner or dorsal 
surface than on the outer or ventral side. The degree of hair develop- 
ment is often in inverse ratio to the amount of wax deposit. The 
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outer surface is usually lieavily waxed, while the pubescence is incon- 
spicuous. On the other hand, the inner surface, which rarely has a 
proininent layer of wax, is usually very hairy. 

The prominent venation of blade and slieath is lacking in the dew- 
lap region, yet the distribution of hairs shows a definite handed pat- 
tern, especially on the inner surface. 

In the desisjjnation of the ])uhescence of the dewlaps, Jeswiet’s 
hair ^roup numhers have been retained. Tliere is no overlapijinji: 
of groups except for the cilia of the out(U* dewlap margin in va- 
rieties where the marginal zone of the ventral surface has tlie long 
type of hair. 

Jeswiet group f)H. "J"he outer surface of the dewlap is, as a rule, 
only jnoderately covered with hair, and in some varieties it is pra(*ti- 
cally glabrous. The hairs ffig. 0, F) are short, unicellular, and, in 
mature organs, often liidden under a layer of w^ax. The entire sur- 
face may be unifonniy covered w ith hair oi‘ the pubescence may be 
restricted to the marginal zone. In some varieties, the surface lias 
a dense, feltlik(^ covering and the hairs are uniformly shoi't. In other 
varieties the hairs are longer near the edges, where th«»y foi ju long 
t .marginal cilia. A band or tuft of long liairs is found at the base of 
' the dew laj)s in New’ Caledonia 1 1 (fig. 14, E) and in certain w ild canes. 
7'he hairs are Jiiore or less continuous with those of group GO. if this 
group is present, covering up the shorter hairs of grouo 58. 

Jefinriei groups 51 and 52. — The upper or throat surface of tlu> dt'w- 
laps bears two hair grou])s. In om^ group the hairs are short and of 
the type found on the low^er surface; in the other, they are long and 
often cover up the shorter hair. The short hairs constituting grou]) 
52 either cover the entire surface of the deW'lap (pi. 10, E) oj* are r(‘gion- 
ally restricted and ])rominent only along the outer marginal zone. 
Besides diffenuices in regional distribution, there is much variation in 
length and denseru'ss of hairs. In some varieties the hairs are very 
sparse; in others, they occur in prominent bands or form a uniform 
feltlike covering. Tlie liairs are straight or curly and usually much 
apT)ressed. The short hairs of this group are partly, sometimes entirely, 
covered over by a much longer pubescence consisting of silky lashes 
that continue to the outer edge of the dc'wdap. The hairs usually 
diminish in length toward the midrib. Within the Looup they arc' 
scattered or in strips. In some varieties, like Yellow Tip, group 51 is 
entirely wanting; in many others, espcH’ially those of the New (/’ah'- 
donia collection, it is restricted to a narrow marginal liand ; sometim(>s 
it covers one-half or less of the dewlap surface, and in some few vari- 
eties, the entire surface, even extending into the midrib. The hairs 
near the outer edge are always very long and project prominently over 
the margin. Some of the hairs grow directly on th(' edge' and become 
continuous with the long and soft cilia of the basal part of the lamina 
(group 53). Wlien group 51 is restricted to the marginal zone, it often 
forms a conspicuous tuft. In some varieties the prominence of the 
tuft is augmented by the presence of hairs on the tip and margin of 
the auricles. 
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LIGULE 

General Morphology 

The lamina is separated from the sheath by the ligiile, a membranous 
ajipenda^c that contains no vascular tissue but is made up altog;ether 
of elongated parenchyma cells. In its younj^: state it is translucent and 
hyaline; later it becomes dry, locally discolored, often brokenly in- 
dented and, in most wild cane varieties, torn. 

As has already been jiointed out for the dewlaps, the asymmetry of 
the lamina leaves its mark on the organs immediately associated with 
it. In the structure of the ligule, the asymmetrical condition reveals 
itself in the following dejiarturcs from the bilateral design: 

(1) One side of the ligule is usually wider than the other side, the 
degree of variation depending on the difference in width of the two 
sides of the leaf lamina. 

(2) One side of the ligule is often less tall than the other side. This 
effect is produced by a rapid decrease in height of one side, while the 
other side retains its maxinnim height for some distance and then 
tapers gradually or abruptly as it approaches the edge. 

(3) The two sides of the ligule often have a different steepness of 
slope (fig. 12, E)y the side which corresponds to the overlying half of 
the sheath marj^n having a greater pitcli than the other side. 

Fundamentally there are four ligular patterns (fig. 12, Stra])- 
shaped, deltoid, crescent-shaped, and bow-shaped. 

The deltoid ligule (fig. 12, B) is found in many wild canes and is 
associated with the narrow type of leaf, especially with varieties whej*e 
the lamina has been reduced to the width of the midril). In this ty})e 
of ligule, the height is about equal to the width at the base. In all 
other forms, the width at the base is many times the maximum height. 

In the strap-shaped ligule (fig. 12, A), a relatively rare type (Raiatea 
1, Imp. 928), the height remains practically unchanged. The cres- 
cent- and bow-sha])ed ligules are tallest in the middle, gradually or 
rapidly thinning out toward tlie margin of the leaf. In the crescent- 
shaped type, there are forms with a relatively high and convex central 
part and forms in wdiich the upper free margin remains horizontal (pi. 
10, B), In the bow-shaped type, the central part is depressed with 
the flanges either horizontal or sloping. The upper free edge of the 
ligule may be entire or notched. The latter condition is often re- 
stricted to the flanges near the margin of the leaf; however, the entire 
edge may be emarginate. The notched or emarginatc condition of the 
ligule must not bo confused with structural (dianges accompanying the 
aging of tliis organ as is observed especially in the deltoid type, which 
on maturity often becomes torn. 

The middle part of the ligule, which overlies the midrib, varies in 
height between 2 and 8 mm. It shows the greatest variation in shape 
and generally is responsible for the maii}^ difi*erent and intergrading 
tyj)Gs. The upper margin of this region is flat, raised, or depressed, 
j)roducing the broadly curved, pointed, or arcuate ligular effects. A 
depressed upper central region is always associated wdth the bow- 
shaped ligule (pi. 10, Z>), while curved sloping flanges and a horizontal 
central edge produce the subarcuate types. 
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The lower margin of the ligule, which is inserted in the tissue of 
the leaf, also shows a variation in the shape of the central region. 
Crescent-shaped ligules with a broad- or round-pointed upper-central 
region may have a convex basal margin; in some, this region is obcor- 
date, projecting downward rather than up. 



Figure 12. — Structure of different types of ligule: A, Strap-shaped; B, deltoid; 
C, crescent-shaped; B, bow-shaped; asymmetrical, steeply sloping ligule; F, 
asymmetrical horizontal ligule; detailed structure of blade joint, showing 
location of the various hair groups. 

The two ends, or flanges, of the ligule normally terminate at the 
edge of the leaf. In some forms with transitional types of auricles, 
these flanges may project a short distance beyond the leaf edge; in 
others, they may be abnormally decurrent, running almost vertically 
downward before terminating (pi. 10, F), 
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PtJBESCENCK 

The li^iile is glalnous and shiny on the adaxial surface. The side 
next to the leaf is rarely smooth but is usually covered with i)artly 
free or completely adnate hairs (Jeswict group 66). These dorsal 
hairs arise at the base of the ligule, remain adnate to the epidermis for 
a certain distaiu'c, become free near the apex, and often project some 
distance above the free margin of the ligule. In certain varieties like 
Striped Mauritius, the hairs of group 66 are adnate in the center of 
the ligule but completely free at the flanges and often several times 
the lieight of the ligule. Sometimes the dorsal hairs arc very few in 
number; at other times they are dense and the surface may appear 
slightly ribbed wherever the hairs are comiilctely adnate. In cer- 
tain varieties the liairs are short; in others, they project quite far 
above the free margin of the ligule. 

The upper margin of the ligule is almost invariably ciliate, although 
there is much v^ariation in both density and length of these hairs. 
vSometirnes the cilia are inconspicuous in the central part and promi- 
nent at the flanges. The hairs making up group 61 (pi. 10, G) are 
really of two types: those that are extensions of the apical epidermal 
cells and those that morphologically belong to group 66, being the free 
1 ips of hairs that originated near the base of the ligule but remained 
completely adnate, becoming free only a little distance below the iipp(»r 
margin. 

PUBESCENCE ON MIDUIB 

On tlui midrib b(‘hind the ligule, there are found, in cei lain varieties, 
a nujuber of ludr groups (figs. 12, f/, Jind 111, A~D) whic*Ii Jeswied. 
named groups 55, 63, 65, and 68. Not all of these groups are found 
on one and the same stalk, not even in one and the same variety; but 
a combination of two groups is not uncommon. 

Group 55, according to Jeswiet (I^), is very rare in Saccharum 
spontaneum, although he refers to it quite frequently in his description 
of varieties. It was observed by the writer in a number of canes from 
the New Caledonia and other collections. It is a fairly prominent 
group of rather long or medium-long hairs, forming a shallow tuft the 
width of the midrib or narrower. Associated with it, although often 
occurring independently, is group 63. This group forms a triangular 
or linear patch, from a few millimeters to several centimeters in length, 
usually inserted directly at the base of the ligule or, if group 55 is 
present, directly above this group. The hairs are always short and 
appressed, scattered or crowded, usually inserted obliquely, and visible 
to the naked eye because of their silvery sheen. 

Group 65 differs from 55 in having the hairs arranged in a single 
row which does not proje(‘t above the free margin of the ligule. 
According to «Teswiet (15^), the row extends over the entire width of 
the leaf blade. But in his varietal descriptions { 15 - 24 ) he limits it 
to the region of the midrib, a location which is in agreement with the 
data embodied in this paper. Group 65 appears to be closely associ- 
ated with the dorsal pubescence of the ligule (fig. 13, A). In varieties 
in which the hairs of group 66 are long and free, one finds that, upon 
separation of the ligule from its place of attachment, some of the long 
hairs remain with the ligule while other hairs belonging to the same 
group are left behind as a fringe implanted in the tissue of the blade 
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(%. 13, A). In varieties where group 55 is small and the hairs are 
short, it is easily mistaken for group 65. Another difficulty is encoun- 
tered in canes where the long hairs of group 51 reach as far as the mid- 
rib; in such instances, it is impossible to trace group 65 beyond the 
confines of the midrib. This may have been the reason why Jeswiet 
in his descriptions limited the group to the midrib. 

Of rare occurrence is Jeswiet's group 68 — two pointed tufts of 
long or medium-long hairs implanted behind the ligule on the two 



J<'KJUiiE J3. — Hair groups on midrib and their relation to the hairs of tlie dewlaps; 
the ligule is folded back to show insertion of hair groups. Ay Group 52, extend- 
ing across midrib; hairs of groups 65 and 66, similar in origin and appearance- 
By Group 52, extending partly across midrib; group 63, attached to base of 
ligule. Cf Group 52, extending across midrib; group 55, inconspicuous; group 
63, fairly prominent but short, D, Hairs of groui)s 51 and 52, extending across 
midrib. 

outer margins of the midrib arid basally connected with group 65. 
This group has not been observed in the material studied by the writer. 

Although groups 51 and 52 usually terminate at the midrib or 
some distance before reaching it, there arc varieties, especially among 
the wild canes, in which either or both of these groups reach across 
the midrib, making the identification of the four midrib groups 
difficult or impossible. 

AURICLES 

General Morphology 

The auricles are ear-shaped appendages of the leaf sheath. In 
sugarcane they form pointed structures that are asymmetrical, 
often weakly developed or altogether wanting. Auricles, if present, 
reach full development rather early in the ontogeny of the leaves; 
they are well developed, even on the youngest leaves, although 
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differing in shape from those on mature organs. As soon as tlie blade 
joint is exposed, the auricles begin to degenerate; they become dry 
and brown and often shrivel up, the change keeping pace with similar 
changes in the upper sheath margin, which, as we have seen earlier, 
becomes discolored and dry on maturing. 

Jeswiet (15) recognizes four types of auricle development, which 
arc', brielly as follows: 

(1) CanoH with two well-developed auricles hut with the inner one the larger. 

(2) Cranes in which only the inner auricle is well developed, while the outer 
one is a transitional structure. 

(3) Bot h inner and outer auricles of the transitional type. 

(4) Both auricles wanting and the leaf sheath merging iin])ercej)tihly with 
the blade. 

This classification has been retained, but, for the sake of conven- 
ience, it was found advantageous to subdivide the first group into 
canes in which both aurieJes are well developed and canes in wliich 
t he inner auricle is invariably huger than the outer. 

A typical cane variety in wliicJi the auricles are altogether want- 
ing is Hatooni; the sheath is of the same width as the blade and only 
a slight constriction in the dewlap region marks the transition. 

Canes with the transitional type of auricle are very common. Tlie 
blade jjasses into the slieath, either with a slight curve or rather 
abi’uptly under a right angle. The latter type is freciuently found 
in fleswiet^s second class, where' only the inner sheath margin has a 
well-developed auricle. When both auricles are of the transitional 
type, the outer one may be right-angled wliile the inner joins the 
blade under a slight curve. In some varieties, the reverse holds 
true. 

The types with one or two well-developed auricles (fig. 12, F) 
are most common. A good example of tlie latter is Red Tip, which 
has two large auricles, liotli of apiiroximately the same shape. 

The auricles are inserted high or low, at the same level or at dif- 
ferent levels. In horizontal ligules, the line of insertion of the two 
auricles lies in the same plane and, if the auricles are large, their 
tips may project prominently above the ujiper margin of the dewlaps. 
The insertion point of the auricle usually coincides with the termi- 
nation of the ligule, but in many Hawaiian Originals, which have 
decidedly sloping ligules, the inner auricle is inserted at a considerable 
distance below tlie termination of the ligule (fig. 14, C), 

The asymmetry of the auricles reveals itself both in the different 
size of the two organs and in their height of insertion. In forms with 
horizontal ligules, the auricles are inserted high; in forms with 
sloping, asymmetrical ligules, the inner auricle is inserted somewhat 
higher than the outer. 

Although there is some variation in size and shape of the auricles 
on the same stalk, a pattern characteristic of the variety predomi- 
nates. The most typical auricle shapes are illustrated in figure 14. 
Most common is the deltoid pattern, varying from the short and 
rather blunt to the lanceolate type. Auricles of the lanceolate type 
are very common and are found in almost any size. Less frequent 
are the falcate, calcariform, and unciform shapes. 
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Pubescence 

The free upper edge of the auricle is smooth or ciliate (Jeswiet 
group 54). The hairs often cover only part of the free edge, but 



Figure 14. — A, Long spines of group 60 become confluent with group 54 and 
partly cover short pubescence of dewlap, 28 N. G. 49; B, outer auricle of tran- 
sitional type, inner auricle deltoid and inserted lower than outer auricle, N. C. 
53; C, low-inserted inner auricle, Hawaiian Original 36; D, hairs at overlying 
sheath margin (group 60 or 56) and hairs on tip surface of auricle (group 70) 
confluent with marginal cilia of auricle (group 54), Ohunnec; hairs of group 
60 partly cover outer surface of dewlap, N. C. 11; F, unciform type of auricle; 
G, transitional type of auricle; //, calcariform type of auricle; /, falcate type of 
auricle; /, lanceolate type of auricle. 

in some instances they extend to the very tip (pi. 10, A) or even 
descend down ihe outer margin (pi. 10, (7). In the transitional 
type of auricle, where the sheath changes into the blade under a 
ri^t or an obtuse angle, the edge may be ciliate up to the sheath 
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margin and, if group 56 is also present, the cilia of the two groups 
may appear continuous with one another. 

In a few varieties, the surface of the auricles is covered with long 
hairs, mostly along the outer margin. 'When occurring on the inner / 
auricle, the group is known as 71; when on the outer auricle, as group f, 
70. Jeswiet H20) reports them principally for Chunnee crosses. 
In varieties with strongly developed lateral patches (group 60) i 
hairs of these groups may become continuous with tliose of the auricles. 
When the surface of the auricles appears glabrous, the epidermis 
under the microscope shows nevertheless numerous short spines, 
which take the place of silica cells in the typical short group. 

STABILITY OF CHARACTERS 

The less variable a character, the more useful it is in tlie general 
classifK^ation scheme and in delimiting a variety. 

Characters may differ qualitatively and in degree, representing the 
expression of inherited tendencies modified by environment. Some 
of the changes take pla(‘e during the normal course of development; 
others are speeded up or retarded by abnormal external conditions. 
Excessive variability may be due to an unbalanced hereditary make-up. 

C.ertain characters, such as pubescence and structure of epidermis, 
are fixed during early development; others (diange progressively, at- 
taining full (^\])rossion at the culmination of vegetative growth, with 
some, modifications (wen after the advent of maturity. Fiequenlly 
i*etrogressive changes set in, resulting in death or the loss of an organ. 

Hair groups ami ejiidermal structuri^ are largidy fixed charactei’s 
that can be studied safflsfactorily in young plants though some hair 
groups become more prominent late in ontogeny. Qualitative varia- 
tions, such as the occasional absence of certain hair groups or their 
unilateral distribution in some of the buds on a stalk, are quite com- 
mon; they are apparent very early and may not change in character 
as the j)lant continues development. Certain hair groups, like group 
58 on the outer side of the dewlaps, are most conspicuous when young, 
since secondary changes, e. g., the deposition and subsequent discolor- 
ation of wax on the dewlaps, are apt to mask the hairs, making evalu- 
ation of the group difficult. The epidermis, on the other hand, is best 
studied in mature material, not because of any change in the epidermal 
pattern but because of the greater ease of handling mature tissue in 
preparing it for microscopic examination. 

The great majority of characters are modified in one way or another 
during vegetative growth. Usually only certain aspects of a character 
are changed while others remain stable. An instance is the ligule, 
which shows a characteristic type pattern even in very^ young leaves. 
Changes concomitant with further development may involve only an 
increase in slope in varieties that are characterized by a steeply sloping 
basal region. 

During ontogeny, organs not only enlai'ge but also change in shape. 
The change may be superficial or pronounced, but almost always 
there is a distinct resemblance between the juvenile and the mature 
form. 

Practically all internodes are cylindrical when young but assume a 
characteristic form pattern at or somewhat before maturity. Abnor- 
mal environment such as prolonged dry spells may cause, according to 
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Jeswiet (^5), cylindrical internodes to become conical and tumescent 
internodes to become cylindrical, while other factors are responsible 
for the appearance of short, tumescent forms. Associated with tlie 
development of certain internode patterns is the shape of the root 
band; obconoidal internodes are joined to conoidal root bands, and 
internodes shouldered at the base opposite the bud have an obconoidal 
sector in the corresponding region of tlie root band. Changers in th(‘ 
growth ring during dcveloi)ment are limited. The young growth ling 
is usually flush with the internode or somewhat dejiressed ; later it may 
bulge as a nari’ow ring on the bud side or around the entire circum- 
ference. C'hanges in shape of dewlaps are in the beginning associatiul 
with changes in the slope of the ligule and later witli a ciiaiige in leaf 
carriage. Young dewlaps are often narrow, witli a more or less hori- 
zontal basal margin. Some retain this form during subsequent 
growth; others may change this straii-shaped juvenile form to a more 
(•haracteristic deltoid or squarish type. ()ften the change is moi*e a])- 
parent than real, since an unmistakable type pattern persists during 
growth. 

The situation is somewhat diffenuit in aurhdes that are advaiH’ed in 
dcwelopment, even in young leaves. They are apt to retain their juve- 
nile form if it is of the conventional deltoid or lanceolate type, l)ut 
change if of a mor(^ unusual design, viz, unciform, calcarifonn, oj- 
falcate. Auriedes of the transitional type ar(^ alike in young and ma- 
tiire heaves. 

Buds usually (‘nlarg(^ uniformly during ontogeny; they may lose 
their flatness but retain a fundamental design characteristic of the 
vaiiety. 

(/olor changes affect all i)arts of the plant tliat are ])rote(rted wlnvn 
young and become exposed in the course of development. Often there 
is merely a darkening or intensification of the color; at other times, 
the change is more radical, as in certain dewlaps that are bright red 
when young and brownish olive when mature. Growth ring and I’oot 
band are at first a pale green or ivorjr; they change gradually until 
they are approximately concolorous with the internode. Sheath and 
leaf blade often become a darker green, and the purplish tinge that 
characterizes the young state in some varieties is absent from the 
mature organs. 

In a normal environment, these color changes follow a given se- 
quence, so that the color of a cane during vegetative growth is rather 
typical of a variety. If exposure to light is gradual, the color varia- 
tions, especially in the stem, are not nearly so pronoimced as when the 
change is abrupt; for this reason a cane from the middle of a field has 
stalks colored differently from canes at the edge of a planting. The 
quality of light influences color. Tliis is noticeable in greenhouse 
specimens, which frequently differ in stem color from a plant of the 
same variety grown outside. Higher altitude with accompanying 
lowering of temperature has, according to Jeswiet, also a marked 
effect on pigmentation, so that the color of a variety growing in the 
plains differs from that grown at higher elevations. 

Sunlight not only affects the color of a stem but may further alter 
the stem surface by inducing formation of corky cracks or by inten- 
sifying their development. Often the color is modified by the presence 
of wax, with additional changes induced by the growth of molds that 
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may give the effect of a sooty discoloration. Other changes are 
effectf^d by the sloughing off of the waxy layer in stripes or irregular 
patches. Haiis aiul wax, separately or in combination, often affect 
the color of the dewlaps. In young organs the felty pubescence often 
])roduces a silvery sheen, masking the original i>igmentation ; later in 
ontogeny, lieavy layers of wax may be deposited, which, on discolora- 
tion, give tlie dewlaps a dirty-olive or blackish tinge, regardless of the 
original (*.olor. 

Certain changes of form are coincident with the development of 
neighboring organs. An instance is the dewlaps, which often have to 
adapt themselves to a changed leaf carriage. Wlien the leaves change 
from an erect to an asceruling habit the dewlaps compensate at first 
by enlargement whereby the length of the outer dewlap margin is in- 
creased, later by passive stretching, a process facilitated in leaves tlia t 
liave cons];)iciions folds in the dewlaps. Eventually the dewlaps be- 
come torn, especially during unfavorable, stormy weather. Other 
organs merely enlarge after maturity. Tlius flat buds may become 
plump, bend away from the stalk, and elongate; root primordia swell 
and develop into rootlets. All these changes represent tendencies that 
are nonnal in some varieties but are induced in others by changes in 
environment favorable for theii* expression. 

Quito common are certain retrogressive changes that may set in 
even before the advent of maturity. The upper membranous margin 
on tlu' leaf sheath and also the auricles begin to wither and turn lu’own 
before growth is comphd-e. Similar changes take place in the sheath- 
base region. This part of the. leaf sheath, which first acts as an inter- 
calary jueristem during active elongation, becomes the zone of abscis- 
sion when the leaves are shed. If tJie leaves are retained, the sheath 
base darkens and shrivels somewhat. The ligiile loses its transpar- 
ency, the margin develops cracks, the texture becomes leathery, and 
the color an uneven brown. The dewlaps, as already stated, are 
similarly affected; they become discolored and torn, often long before 
the leaves are shed. The membranous margin and basal appendage of 
the prophyllum witlier and become discolored while active growth may 
still be in progress; eventually the entire prophyllum turns an uneven 
brown. While certain of its hair groups, esi^ecially on the wing, tend 
to become more prominent, those on the side of the prophyllum grow 
less conspicuous so that old buds have a striking, polished appearance. 

Stability of vegetative characters is only relative, for what appears 
more or less fixed in one variety shows much fluctuation in another; 
this applies to both qualitative and quantitative characters. For ex- 
ample: Hair group 11, on the anterior side of the prophylhmi, may be 
found on all buds of a stalk or stool and be equally prominent on both 
halves of the anterior side; in another variety, the group may be 
limited to a certain number of buds; in a third, the group may show 
further reduction by being occasionally absent from one or the other 
half of the anterior side. It goes without saying that hair group 11 
has a greater diagnostic value in canes of the first group than of the 
other two. Other characters may show even less dependability. A 
normal environment may intensify normal variations or have little or 
no effect on them. Characters that vary little are usually associated 
with conservative organs. A structure of ancient origin, without much 
tendency to variation and not subject to modification under the influ- 
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ence of environment, is the as shown by Panje {29) in his study 

of Saccharurn spontaneum. The stem epidermis is another structure 
that is especially useful in tracing out taxonomic relationships. 

The proper evaluation of hair groups from the standpoint of their 
taxonomic usefuhiess is at best an unsatisfactory undertaking. A 
glance through Jeswiet^s and the author’s varietal descriptions shows 
that only a certain number of hair groups, rarely more than 50 percent, 
are constant and these include the more common groups; the ones 
most suitable for diagnostic purposes are often absent and their dis- 
tribution is usually erratic. It is of httle comfort to have on tlie 
check list such groups as groups 1, 12, 21, and 2G, since their occurrence 
is almost universal on sugarcane buds; only quantitative and, to a 
certain extent, qualitative differences within group limits, if constant, 
give these groups a certain value. Often the mass effect produced by 
the bud pubescence in general is more important for rapid diagnosis 
than is a study of the individual groups. Occasionally, certain soli- 
tary groups are so prominently developed that their presence suffices 
to delimit a variety. 

f The liair groups on blade and leaf sheatli are often jnore ndiable 
' and more easily evaluated than those on the bud. Tlieir utilization 
in descriptive work involves qualitative as well as quantitative dif- 
ferences. (Jroup 57, for example, is either present or wanting but, 
vvlien present, may vary in distribution so much that it loses its value 
as a. ((uantitative character. Group 00 occurs relatively seldom and 
is j)rop()rtionately more valuable than tlie dorsal patch. The marginal 
fringe of the ligule is very useful in extreme cases (e. g., Kassoer, with 
a- very tall marginal fringe, (Munpared to Shamsara, where these hairs 
are extremely short). On the otli(‘>r hand, the hairs on the midrib 
back of the ligule often show too much variation to bo really depend- 
able, although in certain varieties ( N. C. 11, 29, and 78) some of these 
groups (63 or 55) are rather constant. The hairs on sheath joint and 
decurrent sheath margin are of importance in certain taxonomic groups. 
Group 59 is very variable, occurring over the entire circumference 
of the sheath jomt or in localized regions; often a certain regional 
distribution of hairs is so constant as to constitute a character within 
a character, making it seem advisable to break up this group into 
smaller units. 

The velvety pubescence of the blade (group 67) is very striking and 
represents one of the most clear-cut characters. It is not so rare as 
suggested by Jeswiet and should be of value in any classification 
scheme. 

The microscopic pubescence of leaf blade and sheath, in fact the 
structure of the epidermis of these organs in general^ is often important 
in differentiating varieties when tracing relationships. For example, 
stoma tal grooves are found on many but not all wild canes, and the 
giant solitary spines occur on the leaf lamina of only a few of these 
varieties. 

Occasionally certain characters are so limited in their distribution 
as to have been recorded only once or twice in literature. An example 
of such a character is the hairiness of the stalk of New Caledonia 32 
and 75 Lehu of the collection recently studied by the author. 
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SUMMARY 

Sugarcane is a tall perennial grass with the culms bunched in stools 
or evenly scattered, erect, ascending, or prostrate. The internodes 
are alined or staggered and attain their characteristic development — 
form, length, diameter, and shape of cross section — in the middh' 
part of the stalk; dwarfed and abnormally long internodes may occur. 
The surface of older internodes is often marked by corky cracks or 
growth cracks, and there may be a more or less conspicuous bud furrow 
present. The stalks are covered with a layer of wax of varying thick- 
ness that forms a distmet band at the top of each internode. The 
color of the stalk varies in young and milling cane, and it may be 
modified by external factors and by the action of surface mold on the 
wax deposit. 

The internal tissue of tlie stalk has a uniform color, or the center 
may differ by being whitish and pithy; often there is a distinct cavity 
in the center. The vascular bundles of the peripheral ring are few 
or relatively numerous, uniformly small or varying in size ; their sheaths, 
discrete or confluent. The structure of the stem epidermis is influ- 
enced by the absence of silica cells, the predominance of pointed cork 
cells, and other minor factors. 

The node contains root band and growth ring. The latter may be 
wide or narrow, flush with the internode, constricted, or bulging. 
The root band may be high or narrow; of even height or taller oii the 
l)ud side than on the opposite side; cylindrical, conoidal, or obconoidal. 
It contains one or several rows of root primordia, which are widely 
spaced or crowded, oval or round, dormant or with a tendency to 
sprout in the field. 

The buds arc placed alternately, each node bearing normally a single 
bud. They are inserted directly above the sheath scar, sometimes 
slightly lower or appreciably higher. The tip may or may not reach 
the growth ring but quite often projects some distance beyond. In 
some varieties, the buds are flush with the stalk or even depressed; 
in others, protruding. Color varies with variety and with age; 
often there is a contrasting coloration between side and wing tip in 
young buds. Buds may be large or small, short or long, flat or cush- 
ioned; their shape may be oval, ovate, obovato, pentagonal, rhomboid, 
triangular, or round. 

The visible part of the bud is the prophyllum. It forms in its en- 
tirety an asymmetrical hood with the large front side composed of two 
overlapping halves and the short posterior side entire. The prophyllum 
consists of sides and wing'; both show much variation in form and 
together determine the bud pattern. The edge of the overlapping 
half of the anterior side of the prophyllum forms a membranous 
margin that may terminate in an appendage. Other appendages 
may occur along the membranous margin, at times covering the germ 
pore or enlarging to form the beaked or rostellate bud forms. The 
wing of the bud may be inserted at, above, or below the center of the 
prophyllum ; it may be wide or narrow, sometimes wider at the base 
than at the apex. The corners of the wing may be auriculate, the 
edges entire or emarginate. The tip of the bud is variously pointed, 
its margin smooth or notched. Tne venation of the prophyllum is 
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prominent or obscure, the veins straight or radially converging, the 
germ pore apical or central. The prophyllum may be practically 
smooth or pubescent, with the hairs arranged in more or less definite, 
distinct, or confluent groups; their occurrence and constancy are 
considered valuable taxonomic characters. 

The leaves are two-ranked and consist of sheath and blade. At 
the juncture of sheath and blade is the blade joint with its specialized 
regions and at the base of the sheath is the leaf sheath node or sheath 
base. 

The blade is erect, ascending, and gently curved, or erect with 
drooping tip. The surface is leathery, smooth, or rough; the veins 
conspicuous or faint. The midrib is either broad and massive or 
more or less shallow. The blade is relatively wide or narrow, some- 
times reduced to the width of the midrib at the base. The edges are 
usually scabrous, the surface smooth except for microscopic hairs 
or a soft velvety pubescence. The upper and lower epidermis have 
each a characteristic pattern, varieties differing as to tlie prese>n(*e 
of spines, stomatal grooves, and width of bulliform bands. The 
color of the blade is a shade of green, sometimes with a purplish cast. 

The sheath forms an open tube, with the outer margin overlapping 
the inner. The outer margin is drawn out into a membranous bor- 
der, which is often decurrent at the base and even appendaged. 
The leaves become abscissed at the sheath base, leaving a character- 
istic scar that ma,y be prominent or inconspicuous, straiglit or oblique, 
sometimes spreacling and sagging under the bucl. Sheath length is 
more or less constant within varietal limits. The surface is usually 
waxed and often covered with a vestiture of hair regionally distributed 
in definite groups. Characteristic hair groups are also found along the 
upper and lower decurrent sheath margin and at the base of th(‘ 
sheath joint. The epidermis shows broad intercostal regions and 
specialized ^zones overlying the veins. Varietal differences, based 
on the presence of spines and other characters, are valuable in 
classification. 

The dewlaps, or joint triangles, are large or small, broad or very 
narrow, deltoid, squarish, or ligular. They are often asymmetrical. 
Their color differs considerably in yoimg and mature organs and is 
subsequently altered by discolored wax deposits on the outer surface. 
Typical hair groups are present on both outer and inner surfaces. 
The Ugule, a membranous appendage that separates the sheath from 
the blade, may be deltoid, strap-shaped, crescentiform, or arcuate, 
of uniform or asymmetrical construction; the free edge is often 

E rominently ciliate and the back scabrous with free or partly adnate 
airs. Back of the ligule, on the midrib, are a number of small 
hair groups constituting important taxonomic characters. Often 
there are present auricles, e^-shaped appendages of the sheath. In 
many varieties they are entirely wanting, in others they form transi- 
tion structures; usually they are well developed, the inner almost 
always more prominently than the outer. There are many different 
morphological forms with variation in size within the different groups. 
The free edge of the auricle is usually ciliate, and the outer surface 
may, on rare occasions, bear tufts of long hair. 

Cnaracters' differ qualitatively and in degree, and their stability 
is only relative. They represent the expression of inherited tenden- 
cies modified by environment. Characters that vary little are 



April 15, 1940 Morphology of the Vegetative Organs of Sugarcane 


547 


usually associated with organs of ancient origin such as the ligule. 
The hair groups established by Jeswiet have a definite place in the 
classification scheme, but their value is only relative. 
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STIGMA RECEPTIVITY AND POLLEN SHEDDING IN 
SOME PECAN VARIETIES > 

By C. L. Smith, physiologist^ and L. D. Romberg, assistant horticAilturist, Division 
of Fruit and Vegetable Crops and Diseases, Bureau of Plant Industry, United States 
Department of Agriculture 


INTRODUCTION 

The p(‘can {Carya pecan (Marsh.) Eng], and Graebn.) is a monoe- 
cious tree in which pollination is effected by the wind. The catkins, 
which bear tlie staminate flowers, aris(‘ from lateral, axillary, com- 
posite buds situatcnl on the pnwious season’s g:rowth. These buds 
ai*e formed as the shoot is produced, and the catkin primordia are 
differentiated at th(‘. time of bud formation when the subtending 
leaves are about one-tenth grown.^ The catkin primordia occur on 
th(> sides of a central vegetative growing point within the composite 
group. The pistillate flowers are differentiated during the last of 
February and the first of March within terminal or lateral buds borne 
on shoots of the previous season.^ The pistillate flowers make their 
appearance soon after shoot elongation begins in the spring. Normal 
bearing trees may develop catkins from practically every node, but 
shoots that bear pistillate flowers are usually produced oidy from buds 
located at or near the terminals of the shoots. 

The possibility that failure of self-pollination might result because 
of maturity and slu'dding of pollen either b(‘fore or after the stigmas 
of the pistillate flowers are receptive was first investigated by Stuckey,^ 
who concluded that varietic^s of the pecan may be dividend into two 
groups with respect to the time of pollen shedding and stigma recep- 
tivity. In one group, characterized by short, thick, compact catkins, 
he reported that pollen generally matured at about tlu' time the 
stigmas became rt'ceptive; in the other group, characterized by rela- 
tively long, narrow, and h'ss compact catkins, the stigmas became 
receptive^ 2 to U) days before the staminate^ flowers sli(>d their ])ollen. 
In this case a large ])erc(*ntag(‘ of the stigmas becanK'. (Ii*ied or call used 
b(*fore th(^ polhui was slual. How(*v(a-, Stuckey also stated that- 

I 

(.he (Hflic.ulty in drawinjj; definite conclusions * ♦ >1! j,, Ii, 

nuiking field observations it is very difficult to determine just when tlie stigmas 
of pecans become receptive and the exact time when they pass the receptive stage. 

Woodroof ^ gave date's of polhai shedding and of stigma re'ceptivity 
for 4 yeairs and indicated that some varieth^s are not capable of self- 
pollination in most seasons. He stated that the normal period of 
receptivity of a single stigma is about 5 days but that tlu' length of 
the receptive'. y)eriod is veiy n'sponsive to conditions of temperaturi'. 
and humidity. He conclude'^ that polhui is sIumI immediately upon 

‘ Received for publication October 9, 1939. 

^2 Woodroof, J. G. studies of the staminate inflorescence and pollen of hicoria pecan. Jour. 
Aj?r. Res., 40: 10.'>9-n04 lllus. 1930. 

2 and Woodroof, Naomi Chapman, fruit-bud differentiation and subsequent develop- 

ment OF THE flowers IN THE HICORIA PECAN. Jour. Agr. Res. 33: 677 085, illus. 1926. 

** Stuckey, H. P. the two groups of varieties of the hicoria pecan and their relation to self- 
sterility. Oa. Expt. Sta. Bui., 124, pp. [127bl48, lllus. 1916. 

* See footnote 2. 
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maturity of a catkin if conditions are suitable, but not if the tempera- 
ture is too low or the atmospheric humidity above 85 percent. 

Adriance ® gave the range of maturity of staminate and pistillate 
llowca’s for 6 years at College Station, Tex., and concluded that *^the 
type of dichogamy in the pecan is not always fixed * ♦ * there is 

a very strong tendency in certain seasons toward protandry and in 
others toward protogyny.*' On the basis of his data the varieties were 
classified into three groups: Protandrous, fluctuating, and protogy- 
nous. The shift in dichogamy was attributed to differences in re- 
sponse to varying weather conditions in lat(5 winter and early spring. 
He stated that ‘hnoisture and high temperature during the spring 
season favor early maturity of the staminate flowers, and cool, dry 
seasons favor the earlier maturity of the pistillate flowers.” 

Since definite knowledge of the dichogamy of varieties is neces- 
sary to insure adequate pollination in the pecan orchard, experiments 
wore initiated to determine the periods of stigma receptivity by 
controlled pollination and the set of nuts. Previous workers deter- 
mined the period of receptivity of pecan varieties by observation of 
the stigmas during their development. This method was not con- 
sidered entirely reliabhr, Ix^cause of the probability that pollination 
would alter the condition of the stigmas, and, as stated by Stuckey,^ 
it is extremely difficult to judge receptivity near the beginning or end 
of the period. 

EXPERIMENTAL METHODS 

In order to carry out the experiments under conditions of con- 
trolled pollination, it was necessary to cover the pistillate clusters to 
prevent wind-blown pollen from coming into contact with the stig- 
mas, Traub and Romberg® used small paraffined cloth bags as flower 
covers; but such bags were not entirely satisfactory, since they were 
relatively heavy, shaded the flowers, and held moisture to such an 
extent as to subject the pistillate clusters to an abnormally high 
humidity. It is not known how these conditions affect stigma recep- 
tivity. Therefore, in the work reported herein, bags made from 
viscose sausage casings were used. These were light in weight., 
transparent, and permitted diffusion of gases and water through 
them. In comparative tests these bags proved to be superior to 
the cloth bags in every respect. The size of bag found to be most 
satisfactory was 1% by 4% inches. 

The bags were placed over the pistillate clusters before the stigmas 
were receptive and were tied securely upon a band of cotton placed 
around the tender young shoot for padding (fig. 1,-4). Most of the 
small leaves near the base of the pistillate cluster were pinched off to 
facilitate covering. After these leaves are pinched off, the remaining 
leaves are stimulated into rapid growth and growth of other leaf and 
shoot buds is initiated. If the leaves or new shoots are allowed to 
develop to any appreciable extent in the bags, the pistillate clusters 
will abscise. Therefore, it is necessary to visit the bagged clusters 
once a week and pinch off the new leaves and shoot buds, which can 
be done without removing the bags. 

« Adriance, Qiry W. factors influencing fruit setting in the pecan. Bot. Ga*. 91; 144-106, Ulus. 
1931. 

7 See footnote 4. 

• Traub, Hamilton P., and Romberg, L. B. methods op controluno pollination in the pecan. 
Tour. Agr. Res. 47: 287-296, illus. 1933. 
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Whenever possible, 4 trees and 100 clusters per tree were used for 
each variety. An experienced man was able to put on approxi- 
mately 400 bags per day. 

Pollinations were made by means of a. hypodermic needle and 
syringe without removing the bags, the needle being inserted through 
tiie cotton i)ad. The syringe consisted of a rubber bulb, of the type 
used to water automobile batteries, and a one-hole stopper into which 
was inserted a glass tube (fig. 1, B). A 20-gage liypodermic needle 
1 inches long was attached to the glass tube l)y means of rubber 
tubing. A loop in the glass tube was used to control the quantity of 
pollen applied per cluster. Numbered tags were attached to the 
shoots at the time of pollination to identify the clusters. The pollen 
was collected as follows. Mature catkins were picked and spread on 

\ 

i 



Fjcurk i."~Ay Viscose bag for controlling pollination ; inside th<‘ bag a loaf is grow- 
ing, which if not pinched off might cause abscission of the pistillate cluster. 
B, Syringe used in pollinating bagged pecan flowers. 


paper to dry. After 12 to, 36 hours, the liberated pollen was collected 
and passed through cheesecloth or a fine-mesh sieve to remove for- 
eign matter. The pollen was then placed in the rubber bulb of the 
syringe if it was to be used immediately. Wlien it was to be used 
after 1 or more days it was spread in a thin layer in a covered card- 
board box for storage. Thus kept, it was found to remain viable 
for not less than 7 days. Usually some old pollen was added to 
freshly sieved pollen in order to give greater bulk. 

Pollination was commenced just before the beginning of stigma 
receptivity, as nearly as possible. On an average, about 16 clusters 
of each variety were pollinated each day during the period of recep- 
tivity. Random samples of nut clusters were obtained by polli- 
nating them in the order of their occurrence in rotation about the trees. 
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Some clusters were left unpollinated to serve as checks on the degree 
of pollination control obtained and to indicate the time of dropping 
of unfertilized nuts. 

As soon as the stigmatic surfaces had dried, indicating that recep- 
tivity had passed, the bags were removed and a record was taken of 
the number of nuts per cluster. A second count of the nuts in each 
cluster was made in late June or early July, which allowed sufficient 
time for the unfertilized nuts to drop. T'he nuts remaining at this 
time were taken as the set. From the data of the two counts the 
percentage of clusters setting nuts and the percentage of nuts set 



Kioure 2. -Percentage of nuts set and of clusters setting nuts from controlled 
pollinations, and percentage of i)ollen shed on different dates during the season 
of 1933 by the San Saba Improved variety at Denison, Tex. 


were calculated. In 1933 and in 1934, a larger number of clusters 
were left unpollinated and frequent counts of the nuts were made to 
determine more exactly the time that the unfertilized nuts dropped. 

Owing to the relatively large size of the catkins, which ranged from 
2J^ to 6 inches in average length, it was easy to see the anthers, or 
portions of them, that had opened and liberated pollen. The amount 
of pollen that had been shed, expressed in percentage of the total on 
the tree, could be estimated. Such estimates were made daily for 
each tree. It is not presumed that these estimates are accurate; but 
this is the only simple quantitative measure that has been devised, 
and it is believed that it is a basis for better judgment of the polli- 
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natiiig possibilities of a. variety than mere dates of first and last pollen 
shedding. 

In 1933 the work was carried on in the Kemper orchard at Denison, 
Tex.; in 1934, at Austin; and in 1935, at Rogers. The Burkett, Sov- 
ereign (syn., Texas Prolific), and Schle}^ varieties were used in each 
of the 3 years; Squirrel (syn., Squirrels Delight), Western (syn., 
Western Schley), San Saba Improved, Clark, Success, and Delmas, 
2 years; and Stuart, Moneymaker, Kincaid, Jersey, Williamson, Hal- 
bert, and Ordiwon, 1 year. 



FiflUHE 3. — Percentage of nuts set and of clusters setting nuts from controlled 
pollinations, and percentage of pollen shed on different dates during the season 
of 1934 by the Burkett variety at Austin, Tex. 


* In a study of dichogamy, made in 1935, the above-mentioned vari- 
eties were used and, in addition, the 11 following varieties: Humble, 
Bowers, Elgin, Russell, Odom, James, Teche, Alexander, Mosty, 
Mahan, and Curtis. 

EXPERIMENTAL RESULTS 
STIGMA RECEPTIVITY 

Space docs not permit the presentation of the detailed data obtained 
in the stigma-receptivity experiments during the three seasons. How- 
ever, typical data for the percentage of nuts set and for the percentage 
of clusters setting nuts for each date of pollination are given in figure's 
2 and 3. 
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Clusters of San Saba Improved flowers were pollinated daily from 
April 29 to May 22 with the (exception of May 14 and 21 (fig. 2). 
Beginnirig on May 1 and continuing for a period of 6 days, tlien^ was 
a rapid increase in the percentage of nuts S(^t. This was followed by 
a period of 5 days during which a relatively high set of nuts was 
obtained, after which the percentage of nuts set decrimsc^d rapidly 
until May 17 and then more graduaJl}^ to the end of the period. The 
total length of the stigma-receptivity period was 21 or 22 days. Dur- 
ing the 7-day period from May 6 to 12, inclusive, the s(‘t of nuts 
might possibly have reached 100 percent had there been no loss(»s of 
nuts from insect damage or causes other than lack of pollination. 

TJie curv(^ representing the p(U*centage of clustiu-s S(*tting nuts shows 
th(‘ relationship between the clusters set and the nuts set. Tlu». ptM- 
centage of clust(‘rs Slotting nuts was always higher than the corr<‘- 
sponding percentage of nuts set. This was to be (*xpected, since the 
setting of a single nut in a cluster gav(i 100-percent set on tluj cluster 
basis but usually much less on the nut basis, depending on the! nuni- 
ber of nuts in the cluster. In general, the data for other varieties 
W(‘re similar to those for the San Saba Improvc'd except for the lengths 
of the receptive ptuuods of the stigmas. 

The pistillate* flowers were not always ])ollinat(Hl early enough to 
include the first dates of stigma receptivity, and in a. few cases pol- 
linations were not made late enough to include the last dates of stigma 
receptivity. However, this is not consi(l(a*(‘d of much importance, 
since near tlie beginning and end of the peu iod only a few stigmas are 
receptive. Tlu^ important date^s within the range* of receptivity ol all 
flowers of a variety arc those when a relatively high pe^rce^ntage of the* 
flowers are receptive; therefore the approximate* time during which 50 
percent or more of the stigmas weu'e receptive, as indicated by the^ se*t of 
nuts, was arbitrarily selected as the*, important peulod within the* ranges 
of receptivity and will be referred to as the major receptive peuiod. 

The major receptive periods were detemiineHl by the set of nuts 
obtained in the day-to-day pollinations. Since it was apparent that 
causes other than the lack of fertilization preventexl a se^t of 100 per- 
cent of the flowers pollinated during the period of high set, except in 
rare cases, 50 percent of the stigmas of a variety were considered 
receptive when the percentage set of nuts was at least one-half of the 
average set during the period of high set. For example, th(^ San Saba 
Improved variety (fig. 2) set an average of 78 percent of the nuts 
pollinated from May 7 to 12, the period of high set. Thus the period 
from the 39-perceTit point on the upward slope to the 39-percent 
point on the downward slope of the receptivity curve represents the 
major receptive period of the stigmas, and extends in this case from 
May 5 to about May 14, or 9 days. This method coidd not be fol- 
lowed exactly in all cases, owing to fluctuations or incomplete data, 
and it was then necessaiy to make estimates. The major receptive 
periods, together with the first and last determined dates of stigma 
receptivity for the varieties used in this experiment, are given in table 
1, and the major receptive periods are shown graphically in figure 4. 

In most cases the length of the major receptive period varied from 
season to season in the same variety and in different varieties in the 
same season. The shortest period was 8 days for Stuart and Success 
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in 1933 and for Schley in 1934; the longest period was 14 days for 
Sovereign in 1934 and for Onliwon in 1935. 

vStudies made on 12 varieties showed that a period of 5}^ to 6K we(‘hs 
after the date of last receptivity was required for all unfertilized nuts 
to drop. 


I'able .1. — Jl/me and duration of stigma receptivity of pecan flowers of several 

varieties during 3 seasojts 


DENISON, 1933 


Vftrhity 


HiirkoU 

Soliloy 

Stuart 

Sovereipu 

Squirr«l 

Western 

San Saba Improved . 
SllCOGSS 

Clark 


Date of 
first 
stisrna 
receptiv- 
ity 


Apr. 24 
Apr. .30 


Ait. 30 
do 
do 

May 4 


Date of 
last 
stiiitiia 
receptiv- 
ity 


May 4 
May 7 


May 17 
do 
do 

May 20 
May 18 
May 22 


Length of 
major 

Dates of major period of sligina period of 
receptivity ' .stigma 

receptiv- 
ity 


Apr. 24-May 3 

Apr. 2r)-May .*> 

Apr. 2fi-May 4 

May 4-10. 

May 3-lf) 

May 2-14.-. 

May 5-14 

May 8-16. 

May 7-10 


Ihiys 

9 

9 

K 

12 

12 

12 

9 

8 

9 


AUSTIN, 1934 




Mav 3 

Apr. 22-May 2 

10 

Burkett 


May 4 

Apr. 23-M ay 3 . .. . 

10 



May 8 

AiDr. 24-May 3 

9 

Rchlev 


May 7 

Apr. 28-May 6. .. 

8 

1Cinr!Aid _ __ _ 


Apr. 25-May 6.. 

11 

Sovereign ... 


May 17 

Apr. 30-May .14. 

14 


i 




ROGERS, 193.5 




Apr. 22 

Apr. 7-18 

11 

Burkett - 


do 

Apr. 11-20 

9 

Dolmas -- 


Apr. 27 

Apr. 11-22... - 

11 

Schley. - 


Apr. 26 

Apr. 13-23 

10 

Sovereign.. _ 

Apr. 22 

May 8 

Apr. 23-M ay 6 

12 

San Saba Improved _ . _ 

Mav 6 

Apr. 19-30 ' 

11 

Western 

Apr. 19 

May 12 

Apr. 23-May 6 

13 

Success --- 

Apr. 21 

May 9 

Apr. 25-May 6. , . . 

11 

Williamson . 

Apr. 23 

May 10 

Apr. 24-May 6 

12 

Squirrel- _ . . 

Apr. 24 

May 11 

Apr. 27-Mav 7 

10 

Halbert . .. 

May 10 

Apr. 24-May 6... ... 

12 

Clark 

Apr. 24 

do 

Apr. 26-May 6 

9 

Onliwon 

Apr. 26 

May 10 

Apr. 28-May 12 

14 






1 The major period of stigma receptivity is the period during which the daily set of nuts was 50 percent 
or more of the average daily set during the period of high set. This jMjriod extends from tlio first to the last 
date given and is not inclusive of both dates. 

POLLEN SHEDDING 

Pollen shedding normally begins gradually and ends somewhat more 
gradually, whereas in the middle of the period it is usually very rapid 
(figs. 2 and 3). In general, the earliest pollen is shed by catkins on 
a few branches somewhat low down and toward the inside of the tree, 
wliich are especially early in commencing growth in the spring (fig. 5). 
The last catkins to shed pollen are those on water sprouts growing 
on the trunk or large limbs of the tree or those on vigorous long 
shoots of the previous season, which start growth late and generally 
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are found on the outside and toward the top of the tree. TJie extent 
to whicli catkin d(‘\H‘lopin(»nt on a tre(^ may vary is shown in figure 6. 



FKiuitE o. Young jiecau tree at the beginning of growth in the spring, showing 
the extremes of variation in slioot development. 



Figure 6. — Branches selected from a pecan tree on the same date, showing the 
extremes sometimes found in development of catkins and pistillate clusters and 
also showing the correlation in development of staininate and pistillate flowers 
originating from the same compound bud: -4, Average; B, early; C, late. 
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It requires close observation to determine when pollen is first liberated 
and when shedding is complete. Therefore, the dates given as the 
first and last dates of shedding depend considerably upon the observer. 
It is often difficult to set any particular day as the last, owing to the 
presence of weak, poorly developed catkins, some of which may 
mature pollen still later. Also, a few pollen grains that have been 
retained or lodged in the catkins continue to be released. There is 
a strong tendency to disregard these small quantities. 

In these expevriments an effort was made to observe the very first 
and the very last pollen to be shed. Estimates also were made of the 
time interval from the date at which 1 percent of all pollen had bec^n 
shed to the date at which 99 percent had been shed by each variety; 
til is period, inclusive of both dates, will be referred to as tlu^ majoi* 
jiollen-shedding period. Under av(*rage orchard conditions it is doulit- 
ful if the first 1 percent or the last 1 percent of pollen is shed daily in 
sufficient quantities to effect a good set of nuts, whereas, in the 
interval between the time when 1 percent and 99 percent has been 
shed, the quantity shed daily should be sufficient to pollinate all 
receptive stigmas within range of the trees of the variety shedding 
pollen. 

The estimated dates of first and last pollen shedding and of the 
major pollen-shedding periods are given in table 2. There were wide 

Table 2. — Dates and duration of the periods of pollen shedding of several varieties 

of pecan during 3 seasons 


DENISON, 1933 




Major pollen-shedding period > 

Total 

length 

Variety 

Dates of first and last 
observed pollen shedding 

Dates 

Length 
of period 

of pollen* 
shedding 
imioii 

Burkett 

May 4-11 

May 5-10 

Days 

6 

Days 

8 

Schley 

May 3-10 

May 5-9 

5 

8 

Stuart 

May 5-12 

May6"M 

6 

8 

Sovereign 

Apr. 24-May 7 

Apr. 25 -May 3 

9 

14 

Squirrel 

Apr. 24-May 8 

Apr. 2.5 -May 5 

11 

15 

Western 

Apr. 25-May 8 . . . 

Apr. 26-May 6 

10 

14 

San Saba Improved 

. ..do . 

Apr. 27-May 5 _ 

9 

14 

Success 1-- 

Apr. 26-May 10 

Apr. 28-May 7 

10 

15 

Clark 

.do 

Apr. 28-May 8 

11 

15 


AUSTIN, 

. 1934 



Moneymaker 

Apr. 29-May 12. 

May 1-7 

7 

14 

Biirkett 

Apr. 30-May 12 

May 2-9 

8 

13 

Delmas 

May 1-14 

May .3-11 

9 

14 

Schley. 

May 1-12. 

May 4-10.,. 

7 

12 

Kincaid 

.\pr. 30-May 12 

May 3-11 

9 

13 

Sovereign 

Apr. 21-May 3 

Apr. 23-May 1 

9 

13 


ROQEKS 

, 1935 



Jersey. 

1 

Apr. 17-May 2 

Apr. 18-27 

10 

16 

Burkett 

Apr. 18-May 5 

Apr. 20-30 

> 11 

18 

Delrnas 

Apr. 18-May 1 

Apr. 21-30 

10 

14 

Schley.. 

Apr. 19-30 

Apr. 21-28 

8 

12 

Sovereign 

Apr. 10-25. 

Apr. 12-22 

11 

16 

San Saba Improved 

Apr. 10-23 

Apr. 11-22 

12 

14 

Western 

Apr. 13-May 2 

Apr. 15-27 

13 

20 

Success 

Apr. 14-2G 

Apr. 15-22 

8 

18 

Williamson 

Apr. 14-24 

do 

8 

11 

Squirrel 

Apr. 16-30 

Apr. 16-25 

10 

15 

Halbert 

Apr. 12-May 2 

Apr. 15-27... 

13 

21 

Clark 

Apr. 12-May 7 

Apr. 16-May 1 

16 

26 

Onliwon 

Apr. 11-May 2 

Apr. 14-29. 

16 

22 


I Estimated dates and duration of period from the time 1 percent to the time 09 percent of pollen was shed. 
The major period includes first and last dates as given in column 3, since each date represents the preceding 
24*boar Period ddring which at least 1 percent of the pollen was shed. 
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differences in the lengtlis of the pollen-shedding periods of the different 
varieties in the same season as well as wide differences within the same 
variety in different seasons. For instance, the Burkett variety shed 
pollen over a period of 8 days in 1933, 13 days in 1934, and 18 days 
in 1935, wliile the major pollen-shedding periods for the same years 
were 0, 8, and 11 days, respectively. The Clark variety slied pollen 
over periods of 15 and 26 days, respectively, in 1933 and 1935, while 
the corresponding major periods were 11 and 16 days. The total 
length of the pollen-sluidding periods varied from 8 days for the 
Burkett, Schley, and Stuart varieties in 1933 to 26 days for the Clark 
variety in 1935, while the major periods varied from 5 days for the 
Schley variety in 1933 to 16 days for the Clark variety in 1935. The 
three series of experiments were conducted in different years, in dif- 
ferent localities, and with trees having different types of shoot, 
growth. Thesci factors probably w^erc larg(‘ly n^sponsible for the 
variations in pollen-shedding periods of the sanui variety in the 
ilifferent vears. 

DICHOGAMY 

Protandrous and Protogynous Varieties 

The relationship of the major pollen-shedding period to the major 
receptive period of each variety is shown graplucally in figure 4. In 
no instance are the two periods closely concurrent, and in several 
cases they do not overlap at all. The varieties fall into two groups 
with reference to the relative tinle at which pollen is shed as com- 
pared with the time the stigmas are receptive. In one group (pro- 
tandrous) the pollen is shed early and in the other group (protogynous) , 
it is shed late, as compared with stigma receptivity. 

The staminate flowers of the protandrous varieties develop more 
rapidly than those of the protogynous varieties, but the pistillate 
flowers develop in the reverse order. As a general rule, pollen is 
shed earlier and stigma receptivity is later in protandrous varieties 
than in protogynous varieties (fig. 4). However, the time at which 
a variety matures its staminate and pistillate flowers in any season 
depends to a large extent upon the time of growth initiation in the 
spring. In extreme cases the pollen-shedding period of a protandrous 
variety may coincide witti that of a protogynous variety if the pro- 
tandrous variety starts growth late in the spring. Likewise the pollen- 
shedding period of an especially early protogynous variety may coincide 
with that of a protandrous variety or may be oven earlier than some 
protandrous varieties. 

Degree op Dichogamy in Different Varieties 

During the course of these experiments it became apparent that the 
degree of dichogamy was not the same in all varieties. Experiments 
to determine this point more definitely were carried out in 1935. In 
the case of protogynous varieties, pistillate clusters were bagged before 
the stigmas were receptive. Later some of these clusters were polli- 
nated when observations indicated that a liigh percentage of the stigmas 
were receptive; the others were not pollinated until just at the time 
pollen was being shed by the catkins on the same twigs that bore the 
pistillate clusters. It was assumed that varieties setting a relatively 
high percentage of the nuts pollinated at that time could be considered 
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self-fruitful during that year. The data obtained (table 3) show 
that in only one variety was the set of nuts as high from pollinations 
made at the time of pollen shedding as from earlier pollinations. In 
several of the varieties dichogamy was complete, no nuts being set 
when pollinations were delayed mi til the pollen had begun to shed; 
in other varieties the degree of dichogamy varied greatly. In the 
Kussell, Odom, Kincaid, Delmas, and Schley varieties the degree of 
dichogamy was less than in the others used. 

Table 3. — Relative degree of dichogamy in several pecan varieties in the protogynous 

group f season of 1935 


V^urlftty 

Pollinated before pollen shed by catkins 
on same branch i 

pollinated at start of pollen she<lding on 
same bran(‘h‘ 

Period of pollina- 
tion 

Nuts 

used 

Nuts set 

Period of pollina- 
tion 

Nuts 

used 

Nuts .set 

Humble 

Apr. 12.... 

Number 
83 ! 

Number 

24 

Percent 

28.9 

Apr. 20-24 

Number 

92 

Number 

0 

Percent 

0.0 

Bowers 

._.‘l do 

.59 

2 

3.4 

Apr. 21-25. 

66 

0 

.0 

Elgin 

do 

39 

12 

30.8 

Apr. 22-25 

66 

0 

.0 

Hussell 

Apr. 18 

17 

7 

41.2 

Apr. 22-24 . 

23 

9 

39. 1 

Odom 

Apr. lfi-20 

31 

14 

45. 2 

../..do. 

23 

5 

21.7 

Kincaid 

Apr. 18 

63 

16 

25.4 

Apr. 23-27 

93 

25 

26.9 

James 

..... do,. 

8.5 

33 

38.8 

Apr. 24-27 

121 

1 

.8 

Teche 

do 

76 

20 

26.3 

._/.. do 

78 

0 

.0 

Alexander 

Apr. 20 

37 

24 

64.9 

do 

44 

8 

18.2 

Mosty 

Apr. 18 

19 

17 

89.5 

Apr. 23- 29. 

74 

12 

16.2 

Mahan 

Apr. 16-20 

146 

60 

41. 1 

Apr. 24-28. 

112 

5 

4.5 

Stuart 

Apr. 25 

58 

22 

37.9 

Apr. 24-May 1 .. 
Apr. 29-May 6 .. 
Apr. 17-23 ... 

83 

4 

4.8 

Curtis 

Apr. 27 

44 

26 

59.1 

44 

2 

4.5 

Jersey 

Apr. 10-12 

184 

81 

44.0 

48 

0 

.0 

Burkett.... 

Apr. 14-18 . 

74 

27 

36. 5 

Apr. 18-25 .. .. 

60 

0 

.0 

Dolmas 

Apr. 16-18 

125 

37 

29.6 

Apr. 19-24 

37 

8 

21.6 

Schley 

do 

96 

28 

29.2 

Apr. 22-24 

39 

7 

17.9 








* The branch referred to Is the twig of the previous season’s growth from which grew the current shoots 
bearing pistillate clusters. 

In the protandrous varieties, shoots were tagged at the time pollen 
shedding began and the time interval between this date and that 
when the first stigmas on these branches were receptive was determined. 
Stigma receptivity was found by pollinating and then bagging different 
pistillate clusters at varying intervals after the beginning of pollen 
shedding, and later counting the number of nuts set. The data ob- 
tained were insufficient to warrant conclusions, but, together with 
the data secured in the receptivity experiments, they indicate that 
the degree of dichogamy in tnis group varies as much as in the pro- 
togynous varieties. The degree of dichogamy of a variety may vary 
from season to season, but in no case was it found to vary enough to 
shift the type of dichogamy from protandrous to protogynous, or vice 
versa. 

DISCUSSION 

The graphs representing the set of nuts from day-to-day pollinations 
show considerable fluctuation (figs. 2 and 3). These fluctuations are 
ascribed chiefly to nonuniformity in the samples, to loss of nuts from 
insect damage, and to other conditions, not associated with the lack 
of pollination or fertilization, that prevailed generally after the bags 
were removed and before the set of nuts could be recorded. In generm, 
the receptivity curves of all varieties were of the same form, showing a 
relatively high'set of nuts over a considerable time within the recep- 
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live period and indicating a relatively long period of receptivity of 
individual stigmas. Since the percentage of clusters set varied approx- 
imately with the percentage of nuts set, it is also indicated that all 
stigmas in a cluster became receptive within a very short time. Further 
experiments are being conducted to determine more definitely the 
length of the receptive periods of individual stigmas and the Varia- 
tion in time at which the individual stigmas in a cluster become 
receptive. 

There was considerable variation in the total length of the period of 
stigma receptivity of a given variety in different years and also a dif- 
ference in the total length of the periods of stigma receptivity of 
different trees in the same year. The differences occurring in the 
same year are attributed largely to variations in growth and develop- 
ment of the shoots bearing the pistillate clusters, and the differences 
occurring in different years may be influenced by these factors and by 
seasonal variations. The extent to which the development of the shoots 
sometimes varied from the average is shown in figure 6. It was ob- 
served also that buds starting growth early were early in maturing flow- 
ers, and vice versa. Therefore, thelackofuniformityin thedevelopment 
of the stigmas probably was due largely to the difference in time at 
which the buds producing pistillate shoots started growth. The 
interval between the time of initiation of growth of the earliest and 
latest buds on a tree varied somewhat according to the way the tree 
had grown the previous season. The shoots on slow-growing trees 
were more unifonu in initiation of growth and flower development 
than those on fast-growing trees. Therefore, the total length of the 
receptive period of the stigmas varied with different trees of a variety, 
and when there was a difference of several days in the time of general 
growth initiation in the trees the receptive period was longer. This 
variation might also affect the length of major periods of stigma recep- 
tivity, but these were usually affected less than the total receptive 
periods. The same relationship held in the development of the stam- 
inatc flovrers and the shedding of pollen. 

It was observed that a period of rain or fog halted the opening of the 
anthers, but apparently the high humidity affected only the mecha- 
nism of anther dehiscence and not the pollen -ripening processes, since 
such periods were generally followed by unusually heavy pollen shed- 
ding. During the years of the experiment there were never 2 con- 
secutive days during which no pollen was shed on account of rain or 
high humidity. 

The degree of dichogamy vaiied widely but was high in most of the 
varieties used in these experiments. Therefore, in planting a pecan 
orchard or in top-working a seedling grove provision should be made 
to insure adequate pollination by the use of two or more varieties se- 
lected so that pollen will be shed during the major receptive periods of 
all the varieties used. In general, a good crop of nuts is possible if 50 
percent or more of the stigmas on the trees set nuts, and at least 50 
percent of the stigmas should be pollinated if the major periods of 
receptivity and pollen shedding overlap by 1 or more days when con- 
ditions are favorable for pollen shedding. However, it is desirable 
that pollen be shed throughout the major periods of receptivity of all 
varieties, and this condition is attained by selection and interplanting 
of the proper protogynous and protandrous varieties. It xs noted 
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from the data (fig. 4) that in general the protogynoiis varieties shed 
pollen at a time when a high percentage of the stigmas of the protan- 
drous varieties were receptive, and vice versa. However, this may 
not always occur, because it is possible for the pollen-shedding 
periods of some protogynoiis varieties to coincide with those of some 
protandrous varieties, as previously pointed out. In such a case neither 
variety would furnish adequate pollen for the other, because the recep- 
tive period of the stigmas of the protogynous variety would be almost 
past before pollen shedding began and receptivity of the stigmas of 
the protandrous variety would be just beginning at the time pollen 
shedding was completed. 

If climatic variations in the spring cause a change in the interval 
between the staminate and pistillate flowering periods that is favor- 
able to protogyny or protandry, it is assumed that all varieties will 
be shifted in the same direction, though possibly not to the same 
degree. If this is true, the interval between the pistillate and stami- 
nate flowering periods should be increased in protandrous varieties in 
a season favoring protandry but decreased in protogynous varieties in 
such a season. Similarly the interval should be decreased in protan- 
(Irous varieties in a season favoring protogyny but increased in protog- 
ynous varieties under the same conditions. A study of the data, 
which are not entirely consistent, indicates neither a pronounced nor 
a uniform shift toward either protandry or protogyny in any variety 
during the 3 years. 

SUMMARY 

The receptive periods of the stigmas of 16 varieties of the pecan 
were determined during one to three seasons. There was a wide vari- 
ation in the length of the periods of stigma receptivity of different 
varieties in the same year and of the same variety in different years. 
The variations in the same variety may be ascribed to variation in 
time of initiation of growth of buds producing pistillate shoots and 
to seasonal variations. 

Studies made on 12 varieties showed that all unpollinated nuts 
dropped within a pivriod of 5}^ to 6^ weeks after the last date of stigma 
receptivity. 

The range in maturity of staminate llowcrs varied in tin', sanu^ way 
as the pistillate flowers, but pollen sliedding was irregular owing to 
clianges in weather conditions. 

Pecan varieties may be placed in two groups according to blossom- 
ing characteristics. In one group, pollen shedding occurs relatively 
early and stigma receptivity relatively late; in the other, the relative 
time of maturity of the flowers is reversed. However, the actual time 
at which the flowers of one tree mature as compared with those of 
other trees is also dependent on the time of growth initiation and the 
relative rate of shoot growth and flower development. 

The degree of dichogamy of different varieties was found to vary 
widely. In some instances sufficient coordination existed for a good 
set of nuts by self-pollination, whereas in other cases only a very little 
or no self-pollination was evident. 

No case of a pronounced shift in dichogamy, either toward protan- 
dry or protogyny, was found in any variety during the three seasons 
of the experiment. 



INEFFECTIVENESS OF PROPRIETARY REMEDIES AND 
OTHER DRUGS IN THE CONTROL OF BANG’S DISEASE, 
WITH SPECIAL REFERENCE TO “3-V TONIC” AND 
“BOWMAN’S” * 

By A. B. Crawford, senior velerinariany Animal Disease Slaiion^ Bureau of 
Animal Industry, United Slates Department of Agriculture, and B. A. Beach, 
professor of veterinary science, Wisconsin Agricultural Experiment Station 

USE OF THERAPEUTIC AGENTS IN BANG'S DISEASE 

In the investigation of Bang^s disease by Federal and State experi- 
ment stations and some privately operated laboratories, much effort 
has been spent in studying the effect of various drugs on this disease. 
It was hoped to find some agent which could penetrate the tissues of 
the affected animal in sufficient concentration to destroy the Brucella 
abortus germs causing the disease without damage to the tissues 
themselves. A large number of different chemical substances which 
have recognized therapeutic value have been tried by various experi- 
ment stations and laboratories, but not one of these products has been 
proved, in controlled experiments, to have any value in the prevention 
or cure of Bang’s disease. Recently, sulfanilamide, a chemical prod- 
uct which has been found to be very effective in the treatment of 
certain streptococcic infections and which has been reported to be of 
some benefit in the treatment of brucellosis in man, was tried in 
cattle affected with Bang’s disease. Altliough the quantity fed was 
only slightly less than the toxic dosage, it bad no apparent action in 
destroying the Brucella organisms or reducing their number or 
virulence. 

Thus the history of drugs or other therapeutic chemicals in the 
treatment of Bang’s disease has been negative so far as finding any 
substance which has a specific action on Brucella organisms in the 
tissues of animals. These results have been published from time to 
time in veterinary literature, but in spite of this fact so-called reme- 
dies for Bang’s disease still appear on the market. Many thousands 
of dollars have been spent by farmers for such worthless products. 

CONTROL OF CONCERNS PRODUCING BANG'S DISEASE REMEDIES 

Remedies for Bang’s disease, commonly called abortion cures, are 
subject to control under the Federal Food and Drug Act. Although 
the United States Food and Drug Administration has been active in 
the enforcement of that law as it relates to such products, the statute 
does not cover advertising as such or products marketed within the 
State in which they are produced. Protection against false adver- 
tising of such products is afforded, however, under the Wheeler-Lea 
Amendments enforced by the Federal Trade Commission. 

Undoubtedly the most important factor in the sales promotion of 
Bang’s disease remedies is literature containing testimonials from 
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livestock owners who have used such products in their infected herds. 
The sincerity of the writers of these testimonials is not questioned by 
investigators who have studied the nature of Bang’s disease, but thesci 
investigators know that any apparent improvement in an affected 
herd following the use of the “cure” was not due to medication, but 
was a natural sequence in the com*se of the disease. 

NATURE OF BANG’S DISEASE 

When Bang’s disease first appears in a herd, it is followed by a 
wave of abortions in the pregnant animals. This period lasts for 1 
or 2 years, or until all susceptible pregnant animals have contracted 
the disease. Tliis, known as the active stage of the disease, is followed 
by the chronic stage. When cows have contracted the disease and 
aborted, many will still harbor the Brucella organisms, but in spite 
of this fact — and this point is to be especially noted — they rarely 
abort at subsequent pregnancies. This ability of the animals to 
carry full-term calves in spite of being infected is due to immunological 
changes which have developed within their bodies. During the active 
stage of Bang’s disease, 15 to 50 percent of the pregnant animals will 
abort. In some herds the percentage is much liigher. When the 
disease has reached the chronic stage, however, tliere may be no 
abortions or only a small percentage, most of which are confined to 
replacements in the herd or heifers subjected to exposure for the first 
time. An owner does not use a “cure” if his herd is free from the 
disease. Generally before it is used, the disease will be approaching 
the end of the active stage. Thus after using the cure, the owner will 
note that the abortions have greatly decreased or practically ceased, 
and it is only natural that he should assume that the remedy was 
responsible for the apparent improvement of the herd. However, his 
herd is still infected and will remain so until the animals carrying the 
infection are removed. 

PURPOSE OF TESTS OF SO-CALLED CURES 

Federal and State investigators of Bang’s disease and States live- 
stock sanitary officials have long known that hundreds of farmers and 
herd owners have been and still are paying out their hard-earned 
money for the purchase of so-called remedies which are wortliless in 
the prevention or cure of this disease. Authorities are powerless, 
however, to stop such sales in the absence of direct violation of Federal 
or State law. To prevent further losses to owners of infected herds 
through the purchase of such products, the Congress of the United 
States passed an amendment to the Agricultural Administration Act 
permitting a portion of the funds appropriated under this act to be 
spent in testing various proprietary remedies alleged to be preventives 
or cures for Bang’s disease. 

Obviously, it was impracticable to submit all alleged remedies for 
Bang’s disease to controlled tests with the money made available. 
Therefore, two products which were believed to be the most widely 
advertised and used were selected for test. These products wore (1) 
3-V Tonic, manufactured by the Crawford Co., Winona, Minn., and 
(2) Bowman’s, manufactured by the Bowman Laboratory, Owatonna, 
Minn. 
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Tlieso tests ^ were made in tlie State of Wisconsin in 191:^6 and 1937. 
Professional employees of both the Bur(?au of Animal Industry and 
the University of Wisconsin participated in their planning and per- 
formance*. 

A d(*scription of tlic testing of (*ach of these products, covering the 
history and treatment of each animal, a clnjmical analysis of the 
r(‘sp(‘ctive products, and a summary of results, is given in the follow- 
ing pages. 

CRAWFORD 3 V TONIC 

Tin* 3 V Tonic was obtained from T. E. Crawford, of the Crawford 
C^o. An analysis ()f the product made by the United States Food 
and Drug Administration showed it to consist essentially of lime, 
basic magiH'sium cai’bonati*, charcoal, a soluble compound of sulfur 
and calcium, prol)ably calcium hyposulfite, small proportions of 
f(*rroiis sulfate, sulfur, and powdered linseed, and a smalhu* proportion 
of powder(*d ging(*r. 

It was claiiiK'd for the 3-V Tonic that it would pn^vent abortion 
and enable cattle affected with Bang’s disease to b(*ar normal, healthy, 
full-t(Tm calves. To detcTinine wii(*ther the claims made W(‘re basecl 
on facts, and also whether the product would pr(^v(‘nt or cure Bang’s 
disease, the following (‘xperiment was made. 

EXPERIMENTAI. PROCEDURE 

Sixty heifers that W(‘re believed to be pregnant were purchased from 
herds with a lU'gat ive liistory of abortions. These hcu'ds had previously 
been subj(*ct(*d to from one to five* Bang’s disease tests, and no evidence 
of inf(‘ction had b(*(*n found. Tlie heifers gave negative results to 
the Bang’s diseas(* t(*st at the tinui they wen* obtained. They were 
jdaced on a farm that had been r(*nted for the expi'rimental work. 
It was locat(*d a few miles from the University of Wisconsin. The 
heif(*rs W(*r(* ('xamiiu'd for pregnancy before th(\v were purchased. 
Th(*y were divid(*d into thr(*e groups similar as to condition but were 
kept in the same barn and allow(*d to mingh* in an exercising yard. 

To determine its preventive effects, the 3"V Tonic was fed to 20 
heifers in grouj) 1 before they were exposed to Brucella ahortu>s. To 
determine the curative effects, group 2, likewise consisting of 20 heifers, 
was fed the product after exposure to Br. abortus. Group 3 received 
none of the product but served as controls on the other two groups. 

Beginning with the evening feeding on October 12, 1 936, the product, 
mixed with the morning and evening feed, was fed regularly to group 1 
in accordance with directions prescribed by the manufacturer. Each 
animal received one-half ounce (1 tablespoonful) of the material 
daily for 75 days. The total quantity fed to each animal during the 
entire period was 2)^ pounds. 

* The te.sts were planned and directed by W. E. Cotton, superintendent, and J. M. Buck, assistant super- 
intendent, of the Animal Disease Station, Bureau of Animal Industry, with the cooperation of E. Q. Uast- 
ings, B. A. Beach, and Noble Clark, of the Wisconsin Agricultural Experiment Station. Following the 
retirement of Dr. Cotton, September .30, 1937, Dr. Buck assemble<l the data for this report. After the death 
of Dr. Buck on May 2, 1938, A. B. Crawford, of the Animal Disease Station, completed the report, which 
was reviewed and approved, with slight revision, by the representatives of the Wisconsin Agricultural 
Experiment Station. (There is no relation between A. B. CrawTord, the senior author of this paper, and 
T. E. Crawford, of the Crawford Co., the producer of 3-V Tonic, the similarity of names being coincidental.) 
J. S. Hcaly, of the U. S. Bureau of Animal Industry, Madison, Wis., supervised the feeding and management 
of the experimental herds. 
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Feeding of the product to group 2 was begun with the evening 
feeding of November 28, 1936, the day the animals were subjected to 
Br. abortus exposure, and continued for 75 days, the animals in this 
group receiving the same doses and in the same manner as those in 
group 1. 

On November 28, 1936, when the heifers in group 1 had been fed 
the product for 48 days, all the animals in tlie three groups, with the 
consent of T. E. Crawford, were exposed to Brucella abortus. The 
feeding of the product to the animals in group 1 was then continued 
for 27 days in order to comi3lete a 75-day feeding period. 

Tlie exposure of the cattle to Brucella abortus was made by repre- 
sentatives of the United States Bureau of Animal Industry and the 
University of Wisconsin in the presence of T. E. Crawford, wlio, 
after it had been completed, expressed himself as considering it very 
fairly carried out. 

The method of exposing the heifers to Bang’s disease was through 
the mucus membrane of the eye. A susi)ension of BrucelUi abortus 
(bovine) was prepared with three strains of tlie micro-organism, 
designated, respectively, 213, 1927, and 214. Strain 213 had been 
isolated, about 1 year previously, from the lymph glands associated 
with the udder of an infected cow; strain 1927 harl been recently 
isolated from an aborted fetus; and strain 214 had been recently 
isolated from the milk of an infected cow. Three small drojis of the 
suspension were instilled in the mucous membrane of one eye of each 
animal. In no instance was any of the suspension seen to es(*ape 
from the eye cavity. Use was made of but 8 cc. of the suspension 
to ex])ose the 60 heifers, each heifer receiving 0.13 cc. of the material. 
This method of exposure to Bang’s disease has been extensively used 
in vaccination experiments conducted by the United States Bureau 
of Animal Industry because it provides a dependable way of trans- 
mitting the disease to pregnant cattle that possess normal resistan(‘e 
to it. 

All the heifers gave negative results to the agglutination test for 
Bang’s disease on December 4, 1936, 6 days after they wei’e exposed. 
On the next test, which was made 13 days after tliey received eye 
exposure, all 60 animals reacted to the test in titers ranging from 1 to 
50 to 1 to 400. Their reactions, in nearly all cases, gradually increased 
in intensity until a titer of 1 to 6,400 or higher was reached. 

Wlien the gestation period of each heifer terminated, several 
guinea pigs were injected with a sample of her uterine material and 
others with a composite sample of her colostrum to determine whether 
Brucella abortus was present in these substances. In the event that 
the heifer aborted, the fetus was cultured. 

RESULTS OF THE EXPERIMENT 

One of the heifers in group 1, treated witli the product before 
exposure, had to be eliminated from the experiment because of acci- 
dent and one control proved to be nonpregnant. There were, there- 
fore^ 58 heifers which completed the experiment and for which results 
are available. These are shown in table 1. Fifty-two of the animals 
aborted, and 6 gave birth to weak calves with insufficient vigor to 
survive. BruceUa abortus was isolated from all but 6 of the fetuses — 
3 of the controls and 3 of the group that was fed the product after 
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Table 1. — Results of feeding Crawford Tonic to pregnant heifers to prevent or 

cure Bang's disease 

{Dato of Brucdla ahortuK (*yc exposure in the 3 proufjs, Nov. 2S, 1930; in group 1, date of first feeding, Oct. 12, 
and date of last feeding, Dee. 25, 1930; in group 2. date of first feeding, Nov. 28, 1930, and date of last feed- 
ing, Feb. li. 19371 

GROUP 1- FED PRODUCT 48 DAYS PRIOR TO AND 27 DAYS SUBSEQUENT TO 

EXPOSURE 



Date of 
terrninu- 
t ion of 


Approxi- 
mate 
stage of 

Results of examination 

.\nimal designation 

Outcome of pregnancy 

for Brucf Ua abortus i 




gestation 


pregnancy 

lT.(*rus 

Colostrum 


/m 


Afonths 



DJ 14301. ... 

Dec. 27 

Atirirtion . . 

h 

+ 

4- 


my 





DK 04423 

Jan. 2 

do 

7', 

4- 

4- 

DH 74309 . 

Jan. 4 

<io. . 

♦>i 

+ 

4- 

DH 0.5S09 . 

Jan. 5 

do .. 

8t., 

+ 

4- 

DE.54524 .. 

Jan. 11 

(io 

n 

-f 

4- 

J)K 74130 . . 

Jan. 13 

do .. . i 

i 

-f 

0 

D.S 87971... 

Jan. 14 

. <io . 1 

■'■•'■ii 


4- 

DA 75155 .. 

do. 

<lo . . j 

71-2 

■f 

4- 

DH 02400 .. 

do 

do 

t . 

+ 

o 

DH 80.3.54 

Jan. 15 i 

do . - 

7*2 

+ 

4- 

DH80.3r.;i.. 

Jan. 18 

do 

8 


0 

DE 1.574 L. 

do 

do . 

7 

-f 

4- 

D.1 058“(» . 

Jan. 20 

do . . 

f n 2 

+ 

o 

DJ 14305 

Jan. 2‘V 

do . 

7 

•f 

4- 

DS 87909 . 

.1 an . 27 

(io . 

n 


4- 

DK 04303 . 

Feb. 1 

. d(» . 

(P 

-P 

+ 

DK 048HS 

Feb. 4 

do . 

ip 2 

j 4- 

0 

DH 40.504 

do 

do.. 

7 

1 '4- 

0 

DS 33.3.55 ... 

K'b. 7 

do . 

2 




GROUP 2 FED PRODUCT SUBSEQUENT TO EXPOSURE ONLY 


DS 4.5047 ... 

ma 

Dec. 27 

.Abortion . _ 

O'.. 

f 

4 . 

DJ 00305 

Dec, 29 

. . do ... 

0 

4- 

4- 

DB 57.572 . . 

my 

Jan. 1 

. do 

o> ; 

4- 

4- 

DIT 4<i913 

Jan. 3 

. . . do 

0^2 

4- 

4- 

DS 4.5043 . 

Jan. 4 

..do 


+ 

+ 

DS 4.504fi 

Jan. 7 

do 

7 

-f 

4" 

DS3S714.. 

Jan. 14 

do 

7 

4- 

4- 

DS 44824 . 

Jan. 18 

do 

7 

4- 

o 

DH 80340 

Jan. 19 

Weak calf (died) . . . 

7 

— 

4- 

D.S 1.5129 . 

Jan. 2.3 

Abortion . 

7 

4' 

+ 

DH 80342 

Jan. 23 

. . do. - - 

7V2 

4" 

4- 

DJ 3044r, 

Jan. 24 

Weak calf (dM*d) . 

7)2 

4- 

4- 

DA .55134 

Jan. 27 

Abortion. 

7 

+ 

4- 

DS 94101 

Feb. 1 

.do.. 

7^.. 

+ 

4- 

DA 751.59 . 

Feb. 2 

Weak calf (died) 

8 

4- 

4- 

DS 87944 

Feb. 3 

do 

7 

4- 

4- 

DA 5.5713 

Feb. 4 

Almrtion 

7 

4- 

0 

DH 30449 

F»‘b. 8 

.do . 

8 

4- 

4- 

DK 64880 

Feb. 24 

.do 

S 

— 

4- 

I )H 30422 

Mar. 0 

do 

yn 


4- 


GROUP 3. CONTROL.S (NOT FED PRODl'('T) 


DK 74131 ... 

my 

Jan. 8 

Abortion . . .. 

6 

+ 

4- 

DK 74133 ... 

Jan. 8 

do 

5 

4- 

4- 

DS 4,5048 - 

Jan. 12 

, do 

7 

-f 

4- 

DS 87973 . 

Jan. 13 

-do 

5 


4- 

DJ 24128 

Jan. 15 

.do ... ..... 

yio 

4- 

4- 

DH 80307 . 

Jan. 17 

. ...do -. 

8 

4- 

4- 

DS9I0 . 

Jan. 18 

do 

6 

4- 

4- 

DS 94102.. . 

Jan. 20 

do-- 

6 

4- 

4- 

DH 80344 - 

J.an. 23 

do 

IM 

4- 

4- 

DJ 30420 

Jan. 24 

Weak (!alf (died). 

7) a 

4- • 

4- 

DJ 30421 

Jan. 25 

1 AbortJon 

714 

4* 

4- 

D8 72307 

I Feb. 4 

I _ do 

6 

4- 

o 

DH 46912 

Feb. 16 

Weak calf (died) . 

8 

4 

4- 

DA 55724-.- 

do 

Abortion 

7} '2 

— 

4- 

DJ 43492 

Feb. 20 

do.. - 

6 

4- 

4- 

DJ 43491 

Feb. 23 

do 

6)2 

4- 

4- 

DK 64887 

Feb. 27 

do . 

7 

— 

4- 

DH 80348 ... 

Mar. 5 

. ..do. _ 

tlVa 


4- 

DH 76369 

Mar. 6 

... do.. 


4- 

4- 


I 4-, Br. abortus present; — , Br. abortus ab.sent; o, not determined. 
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exposure only. However, the infection was present in uterine ma- 
terials or colostrum, and in most cases in both of these substances, of 
all 58 cattle when their gestations terminated. 

The first abortion occurred December 27, 1936, 29 days after the 
heifer was exposed to Brucella abortus. Abortions continued to occur 
until the early part of March 1937. 

Of the 19 heifers in group 1, wliich was fed the product 48 days 
prior to and 27 days subsequent to exposure, all aborted. Of the 20 
heifers in group 2, which received the product subsequent to exposure 
only, 16 aborted and 4 gave birth to weak calves that did not survive. 
Of the 19 control heifers in group 3, which did not receive the product, 
17 aborted and 2 gave birth to weak calves that did not survive. 

The results of this carefully controlled test indicate that the Craw- 
ford 3-V Tonic was ineffective in preventing pregnant heifers from 
becoming infected with Bang’s disease or in preventing them from 
aborting after having acquired it. 

BOWMAN’S PRODUCT 

An analysis of the Bowman’s product by the United States Food 
and Drug Administration showed it to be a light-brown granular 
material containing sugar (sucrose), 90.3 percent; invert sugar, 4.3 
percent; wood creosote, 0.1 percent; ash, 1.5 percent; and moisture 
by difference. No other ingreylients were detected. 

In order to obtain definite information as to whether this product 
possesses value as a preventive or cure for Bang’s disease or in causing 
the disappearance of Brucella abortus agglutinins from the blood serum 
of cattle wliich have acquired it, the following experiment was made. 

EXPERIMENTAL PROCEDURE 

Forty heifers were purchased from farms that were free from Bang’s 
disease. As a result of pregnancy examinations, all the heifers were 
believed to be from 6 weeks to 4 months with calf. They gave nega- 
tive results to the agglutination tost for Bang’s disease at the time 
they were purchased as well as after their delivery at the farm where 
the test was carried on. Tins farm was located a few miles from the 
University of Wisconsin and had been rented for making the test. 
Here the animals were divided into 2 groups of 20 each, similar as to 
condition. The Bowman’s product was fed to the heifers in group 1 
in accordance with the directions of the manufacturer. The heifers 
in group 2 were employed as controls, receiving none of the product. 
The Bowman’s product fed to the experimental cattle was obtained 
indirectly by purchase in the original sealed packages, as the manu- 
facturer of it was unwilling to cooperate in a test of the sort outlined 
and performed. 

The 20 heifers in group 1 received four series of feedings of the 
product, consisting of four doses of 2 pounds each in accordance with 
the directions appearing on the labels of the packages. It was mixed 
with a small quantity of millfeed and given to the heifers in the morning 
before their regular feeding was commenced. It was consumed 
promptly by them. 

The first series of feedings was on Mpeh 24, 25, 27, and 29, 1937. 
The feeding of the product was then discontinued for 1 week, when 
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the second series of feedings was commenced. These four feedings were 
administered on April 6, 8, 10, and 12. Feeding was again discontinued 
for a little more than 2 months, and the tliird series of feedings was 
given on June 19, 21, 23, and 25. After an interval of 30 days, the 
fourth series of feedings was given on July 23, 25, 27, and 29. Each 
heifer in group 1 thus received, during the four series of feedings, 16 
doses of tlie product consisting of 2 pounds each, a total quantity of 
32 pounds. 

TJie 40 luufers in groups 1 and 2 were exposured to Ranges disease 
April 14, 1937, 2 days aft(U* the heifers in group 1 had received the 
S(‘Cond series of feedings. The Brucella abortus exposure of th(» cattle 
was made by representative's of the Unite'd States Bureau of Animal 
Industry and the University of Wisconsin. Use was made of the con- 
junctival method, which consisted in instilling a very small quantity of a 
suspension of Br. abortus in the mucous membrane of the eye. The 
suspension of Br, abortus used was prepared with tlire(> strains of the 
micro-organism, designated respectiv^eJy, 213, 1927, and 214. Strain 
213 had bc'cm isolated from the supramammary lymph glands of an 
infect(*(l cow about 14 months previously; strain 1927 bad been isolatc^d 
from an abortt'd fetus about 6 months previously; and strain 214 had 
becai obtaiiK'd about 0 months before from the milk of an infected cow. 
Three' small drops of the suspension were', depositee! on the mucous 
me'inbrane of one eye^ of each animal. Use was maele of but 5 cc. of the 
suspension te) expose' the 40 heifers, each animal thus re'Ci'iving 0.12 cc. 
e)f the material. 

All the' beife'rs gave ne'gative re'sidts to the Bang’s elise'ase agglutina- 
tion te'st on April 14, 1937, the day they were> subjected to Brucella 
abortus e'xpe)sure. On the' ne'xt test, wdiich was made April 20, 6 days 
later, e)ne of the treate'el be'ife'rs and one of the' controls gave a suspicious 
re*action te) the te'st. The' remaining beife'rs gave ne'gative results. 
On the thirel test, which was made A]>ril 26, 12 days subsequent to their 
exposure*, all the heifers re'acte'el to the agglutination test in titers of 
from 1 to 50 to 1 to 400, the*re' being but a slight elifference between the 
inte'usitv e)f the reactions of the treated heife'Ts and the controls. The 
titers of the reactions given by the be'ife'rs in both groups gradually 
increased until th(\y became 1 to 3,200 or highc'r. 

Whe'ii tlie^ ge'station period of each heifer terminated, two guinea 
pigs w’^e're injecteel with a sample of her ute'rine mateirial and four others 
with a composite sample of her colostrum for the purpose of determining 
whether Brucella abortus was present in these substances. In the 
event the heifer aborted, the fetus w^as cultured. 

RESXJLTS OF THE EXPERIMENT 

The results of the experiment (table 2) were obtained on 19 heifers 
that were fed the Bowman's product and 20 controls that did not 
receive it. One heifer that received the product was eliminated from 
the experiment before its completion because she was found to be 
nonpregnant. 

The first abortion occurred May 12, 1937, 28 days subsequent to 
Brucella abortus exposure. The last of the 39 heifers completed her 
gestation period December 27, 1937. 

Of the 19 heifers in group 1 which received eight doses of the Bow- 
man's product previous to Brucella abortus exposure and eight doses 
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subsequent to exposure, 1 produced a vigorous calf, 1 a weak calf 
which lived, and 1 a weak calf which died. Sixteen heifers aborted. 
Br. abortus was demonstrated to be present in the ut(‘ri or colostrum, 
or both, of the 19 hcufers when their pregnancies terminated and was 
isolated from the fetuses of 1 1 of the 1 6 heifers which aborted. 

Of th(‘ 20 controls in group 2 which did not receive the product, 1 
produced a vigorous calf and 4 others produced weak calves which 
died. Fifteen of the heifers in this group aborted. The presence of 
Brucella abortus was demonstrated in the ut(‘rine mattu-ial or colostrum, 
or both, of all 20 heifers. The organism was isolated from the fetuses 
of 12 of the 15 heifers which abort(‘d. 


Table 2. — Results of feeding Bowman* s product to pregnant heifers to prevent or 

cure Bang's disease 

I In both {troup.s, duto of TirnceUa nhortus oxiiosuro. Av)r. 14, 19:17. In proup 1, d.at<‘ of first fooding, Mar. 24, 
.and date of last feeding, July 29, 1937; number of feedings, 19] 

OROUT’ 1.~AN1MALS FED PRODUrT 


Animal <losignation 

Date of 
termina- 
tion of 
gestation 

Outline of pregnancy 

Approxi- 
mate 
stagji of 
pregnancy 

Results of examination 
for lirucdla abortus > 

r terns 

Colostrum 

I)S 7 r)r)f »0 . , ... 

.'.9.77 

May 21 
May 25 

.Abortion . . 

MontLs 

+ 

-u. 

4 - 

DX 9903 

do . ... 

4 

+ 

E A 79101 

May 28 

do : 

4 

— 


DS 4806.. 

Jun<! 6 

do 




DS 492:1 

June 7 

do 

4 

•f 

•f 

DS 4924 

June 20 

do. . 

:P 2 

. 4 . 


DS 76818.... 

July 1 

..do . 

4 

-f 


DX 9901 1 

do 

do 

1 



DS 76817 

July 5 

.do 

4 

-1- 

-1- 

DS 4930 

July 8 
July 12 

, .do 

31 2 

+ 

+ 

4 - 

DS 4926. 

Weak calf (lived).. 

4? 2 

-f 

DS 4808... 

July i:i 
July 14 

Abortion 

4U, 

-f 


DS 4925 

1 Weak calf (died) , 

5 ;' 2 


•f 

DS 4807 

July 16 
July 21 
July 26 

Abortion 

4h 
a? 2 

4 

4- 

4- 

DS 4804 

[. ...do . 

4 -. 

+ 

DX 9947...- 

1 do . .. 

4- 

+ 

DS 76554 

July 27 

do.. .. 

3 

-f 

-f 

DX 9918 

Sei)t. 17 

Vigorous calf 

4 


-l- 

DS 4928 

Aug. 26 

Abortion 

4‘.> 

4 . 

+ 


OROUP 2.-(M)NTR0LS (NOT FED PRODUCT) 



1987 





EA 67391. .. 

Mav 12 

Abortion . . 

5»2 

+ 

4 

DH 95809... 

May 23 

- do 

4 

+ 

4- 

Dll 80416 

Mav 26 

... do . . . 



-i- 

EA 7914. 

May 29 

do. . 

41.2 

+ 


DB 99858.. . 

do.. 

do 

4 

4- 

4 . 

DJ 19847- 

May 31 

...do 


4 . 

4 

DS 42803 . 

- -do . . 

do . 

4 

4- 

4 - 

EA 31533- 

Junt! 6 

.. do 

4 

4 


E A 67395 

June 14 

Weak calf (died) 

5H 

4- 

4 - 

EA 31522. .. 

June 19 

Abortion 

4ti 

4 

4 * 

DJ 19848 

June 28 

Weak calf (died) 

5 ' 

4 

+ 

DJ810;35 

July 1 

Abortion 

4 

4" 


E A 31625 

I July 4 

do 

3)^ 

-f 

4 . 

E A 67392 

July 20 

do - 

33'2 

+ 

4 * 

DX9923. 

July 21 

do - 

334 

+ 

4- 

EA 31624 

Aug. 3 

do 

2^2 

4- 

4 - 

DH 95810 

Aug. 19 

do 

33-2 

+ 

4- 

DH 80417 . .. 

Sept. 13 

Weak calf (died).. 

V/2 


4 - 

DH 80419. 

Aug. 19 

Vigorous calf . , 

334 

-f 


EA 31529.. 

Dec. 27 

Weak calf (died) 

3 

0 

-1 








» +, Br. abortus present; — , Br. abortus absent; 0, not determined. 
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The results of the ('xperinicTit, therefore, definitely show tliat the 
Bowman's product was inefft'ctive either in the prevention or cure of 
Banf 2 :’s disease. Each heifer in group 1 received eight 2-pound doses 
of the product before exposure to Brucelh abortus and the same quan- 
tities after exposure. However, the animals exhibited no morc^ resist- 
ance to the disease than the heifers in group 2 that did not receive tlie 
product. 

INKFFECTIVENESS OF PRODUCT IN CAUSING DISAPPEARANCE OF BRUCELLA 
ABORTUS AGGLUTININS FROM BLOOD OF CATTLE 

To determine wliether the Bowman’s product is effective in causing 
the disapiiearance of Brucella abortus agglutinins from the blood 
serum of cattle reacting to the agglutination test for the disease, 10 
of the heifers in group 1 and 10 of those in group 2 were retained for 
several months after their pregnancies had terminated and agglutina- 
tion tests made of their blood serum at about monthly intervals. 
The results are shown in table 3. 


Table 3. — J^eauUs of tests to determine the effectiveness of BoumatCs product in 
reducing Brucella abortus agglutinins in the blood serum of cattle reacting to the 
agglutination test for Bang's disease 


Oronri N'o.i 


1 Bownuni’s) 

2 (not foil Bowman 'sV 


Blood liter on indioatod imuiiMT of day.^ after exposure 


7U i 98 ! 119 ! J4S 


j Averape 

! Mini- 
mum 

Avorapt' 

Mini- 1 
mum 1 

Av crape 

1 1 

1 Mini- i 
; mum 

i 

1 

.Vv'Tapc 

Mini- 

mum 

i 1:2,. MU 

1:.HUU j 

1:1 U80 

1:HUU i 

i 1:0.500 

1 l:4fK) 

1:23,200 

1 :3. 200 

1 1:2. 2.*>0 

LHIKI j 

1:2.92(1 

1:8(10 ! 

! 1:4.500 

1 1;1(K) 1 

1:27.080 

1 1:800 


I 


Blood titer on indicated number of clays after exposure 


( In.iup No. 

IS. 

202 

238 

1 

Aver ape 

Minimum 

A V crape 

Minimum 

Averape 

Miniinum 

- 

1 (fed Bownmirs) ! 

2 (no! fed Bowinnirs) 

1:24.000 
1: IS. 440 

I:I(K) 

1:400 

1:18, 080 
1:10.280 

1:400 

1:400 

1 : 23. 520 
1:14. 200 

1:400 

MCO 

i 


‘ 10 animals in eaeli ^rroup. 


The Bowmnn’s product was found to be ineffective in causing catttle 
reacting to the Bang’s tlisease agglutination test to become nonreactors 
to the test or in othoi-wise having any demonstrable effect on the 
Brucelh, abortun agglutinin concentration in the blood serum of cattle 
affected with the disease. As showm by table 3, about 8 months after 
the tw'o groups of animals were infected with the disease, the average 
agglutination titer of the blood serum of the group which had received 
32 pounds of Bowman’s product was liigher than that of the group 
which had not received it. 
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SUMMARY AND CONCLUSIONS 

In work on Bang’s disease and possible methods for its control, 
Federal and State experiment stations have studied the effect of 
various drugs and chemical substances. In every instance the drug or 
chemical tested has given negative results, but in spite of these findings 
and the wide publicity given them, so-called remedies for Bang’s disease 
still appear on the market, and fanners continue to spend large sums 
for them. 

The present study, conducted under Congressional authority, con- 
sisted of carefully controlled tests of two widely used, alleged remedies 
for Bang’s disease, *^3-V Tonic” and '^Bowman’s.” 

In the testing of 3-V Tonic, a group of 19 pregnant heifers, negative 
to the agglutination test, was fed this preparation prior to exposure 
to virulent strains of Brucella abortus; a second group of 20 heifers 
was fed prior and subsequent to exposure; and a third group of !9 
heifers, as controls, received only exposure. All heifers in group 1 
aborted; 16 heifers in group 2 aborted and 4 gave birth to weak 
calves; 17 heifers in the control group aborted and 2 gave birth to 
weak calves. Brucella abortus was recoveretl from uterine material 
or colostrum, and in most cases from both of these substances, in all 5S 
animals following parturition. 

In the testing of Bowman’s product, a group of 19 pregnant heifers, 
negative to the agglutination test, was fed tins preparation priof|and j 
subsequent to exposure to \drulent strains of Brucella aborimj lU 
second group of 20 heifers, as controls, received only exnosurel'^ OJ 
the 19 heifers in group 1, 16 aborted, 1 produced a WHUik calf!'^icjffl 
died, 1 a weak calf which survived, and 1 a vigorous calf. Of 2im 
control animals, 15 aborted, 4 each produ(*.ed a weak calf whiclp|ieM 
and 1 a vigorous calf. Brucella abortus was recovered from iLteririH 
material or colostrum, or both, in each of the 39 heifers folIowiiM 
parturition. Continued testing of the blood titer of 10 heifers in 
group 1 and 10 heifers in group 2, for a period of 8 months after cxpd|3 
sure, showed that the feeding of Bowman’s had no effect on reducing 
the blood titer following infection. I 

The 3-V Tonic and Bowman’s product were thus found to be in-J 
effective in preventing or curing Bang’s disease. These results* 
together with previous negative findings obtained from other drugs ] 
and chemical substances, indicate that, in the light of present scientific 
knowledge, such products do not provide protection against the 
disease. 
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NEW PHYSIOLOGIC RACES OF FLAX RUST ^ - 

By H. H. Flor * 

Pathologist j Division of Cereal Crops and Diseases, Bureau of Plant Industry, 
United States Department of Agriculture 

INTRODUCTION 

The results obtained from investigations of physiologic specializa- 
tion in flax rust (Melampsora Uni (Pers.) L4v.) during the years 1935 
to 1938, inclusive, have rendered inadequate the key for the identi- 
fication of races presented by the writer in an earlier paper (f)^ and 
have vitiated some of the conclusions concerning the prospects for 
developing rust-immune varieties of flax through hybridization. The 
varieties of common flax {Lvmim usitaiissimum L.) formerly reported 
as immune from all races of fiax rust have been found to be suscep- 
tible to one or more of the races collected since 1935. Consequently, 
the number of flax varieties givinjj a differential reaction to the physio- 
logic races of flax rust (il/. Imi) has been greatly enlarged, 'ine 
results of investigations made since 1935 are reported in this paper. 

MATERIAL AND METHODS 

Methods of obtaining and propagating collections of flax rust, of 
inoculating and incubating fiax plants, and of classifying host reac- 
tions and types of infection were described by the writer in 1935 {!), 
All results reported were obtained on flax plants approximately 30 days 
old, grown in the greenhouse at Fargo, N. Dak., during the winter 
months November to March, inclusive. The greenhouse w^as kept at 
a temperature of about 14° C. at night and 18° to 20° during the day. 
A light day of 16 hours was maintained during the period of pustule 
formation by supplementing daylight with artificial illumination from 
200-watt Mazda bulbs. Final readings of the classes of host reaction 
and types of rust infection were made 10 to 15 days after inoculation, 
depending upon the effect of temperature and light on the rapidity of 
pustule development. 

EXPERIMENTAL RESULTS 

NEW DIFFERENTIAL VARIETIES OF FLAX 

In onler to differentiate the races of Melampsora Uni collected since 
1935, it has been necessary to add three varieties, Argentine (C.I. 462),* 
Bombay (C. I. 42), and Ottawa 770 B (C. I. 355), to the former list of 
differential varieties. These three varieties have been either immune 
from or susceptible to every race of rust thus far isolated, under all 
conditions encountered in the greenhouse. 


' Received for publication February 7, 1940. Cooperative investigations between the Division of Cereal 
Crops and Diseases, Bureau of Plant Industry, XJ. ». Department of Agriculture, and the North Dakota 
Agricultural Ext>erimeut Station. 

> The writer is indebted to A. C. Dillman, associate agronomist, Division of Cereal Crops and Diseases, 
for supplying seed of 160 or more varieties, for the preliminary grouping of varieties as shown in the tables, 
and for a critical reading of the manuscript. The writer is also indebted to A. C. Arny, associate agrono> 
mist, Minnesota Agricultural Experiment Station, and to Jos6 Vallega. o the Institute Fitotfcnico, Llav- 
allol, Argentina, for supplying seed of a number of varieties. 

3 Italic numbers in parentheses refer to Literature Cited, p. 501. 

< C. I. refers to accession number of the Division of Cereal Crops and Diseases. 
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The original strain of Williston Brown (C. I. 803) was lost. This 
strain was susceptible to wilt (Fusarium Uni Bolley) and produced 
little seed even under favorable climatic conditions, so that no reserve 
of seed was accumulated. However, several single-plant selections 
from this strain were grown in the greenhouse during the winter of 
1935-36 and from these a strain was secured that has considerable 
wilt resistance in addition to a more resistant reaction to the races of 
rust that were differentiated by the original strain of Williston Brown. 
This new strain (C. I. 803-1) was substituted for the former one. It 
has the necrotic (type 2) reaction to races to which it is resistant, and 
is not completely susceptible to manv of the races collected in North 
America. The (type 3) iiredia developed normally until they began 
to produce spores. After 2 or 3 days, development stopped, the 
pustules ceased to sporulate, and the leaves dried up. To other races it 
was highly susceptible; the uredia produced spores profusely for a 
period of 10 days to 2 weeks. 

VARIABILITY IN REACTION OF DIFFERENTIAL VARIETIES OF FLAX 

It has been customary in classifying rust reaction of crop plants 
growing under field conditions to take into consideration both the 
type and the number of pustules. Myers (6) and Valloga (9) followed 
this method in their classifications of the rust reactions of flax varieties. 
However, Hart (£) has shown that environmental conditions such as 
the temperature during the period the plants are in the moist chamber, 
the temperature during the remainder of the incubation period, and 
any condition that affects the vigor of the host plant, such as light 
intensity, temperature, moisture, and mineral nutrition, may alter not 
only the type but also the number of pustules. These conclusions of 
Hart have been verified repeatedly in studios made by tlie writer. In 
addition, it was observed that apparently identical changes in environ- 
mental conditions produced variable responses in different varieties 
and that the amount and viability of the inoculum affected the reaction 
of some varieties. The impracticability of accurately controlling the 
amount of inoculum, and the difficulties in spreading the spores evenly 
over all the inoculated areas and of rigidly controlling all phases of 
the environment to which the plant is subjected following inoculation 
render an attempt to classify degrees of resistance and susceptibility 
ineffectual. Attempts to differentiate too finely between degrees of 
resistance and susceptibility may lead to confusion and to a misunder- 
standing of results obtained at different localities or under variable 
conditions. A record of observations made on the reactions of the 
differential varieties when grown under a range of seasonal conditions 
in the greenhouse at Fargo may assist in the interpretation of results 
obtained in other localities. 

The data presented in this paper were obtained during the winter 
months under the conditions previously described. However, the 
reaction range of the differential varieties to races of Melampsora Uni 
collected locally has been studied throughout the year. On the basis 
of these studies with the 24 races of M. Uni thus far differentiated, the 
differential varieties have been divided into 4 groups according to the 
stability of their general reaction under varying conditions and the 
range of their, reaction to given races. These groups are as follows: 
(1) .Stable reaction, always either immune or susceptible; (2) slightly 
variable reaction, immune, resistant, or susceptible; (3) slightly vari- 
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able reaction, a wide and almost continuous reaction range with many 
intermediates; and (4) variable and often intermediate reaction, a 
wide reaction range with certain races. 

The differential varieties classed as having stable reaction have been 
(Mther immune from or susceptible to every race of rust thus far isolated 
under all conditions and consequently have made ideal differentials. 
These varieties are J. W. S.® (C. I. 708-1) and three varieties, namely, 
Argentine (0. I. 462), Bombay (C. 1. 42), ahd Ottawa 770 B (C. I. 
355), that have been added to the list of varietal testers in order to 
differentiate the new physiologic races of rust. 

The three varieties placed in the group having a slightly variable 
reaction have been immune, resistant, or susceptible to each of the 24 
rac(»s of flax rust and have been satisfactory as differentials under all 
seasonal conditions. These varieties, Abyssinian (C. I. 701), Akmo- 
linsk (C. I. 515 -1), and Williston Golden (C. I. 25-1), have the chlo- 
rotic type of resistance (type 1) in which the uredia are minute to small 
and scattered in chlorotic areas of the leaves with but little necrosis 
of adjacent tissue. The distinction between susceptible and resistant- 
to-immune reaction in Abyssinian and Akrnolinsk has been so wide 
under all conditions that there has been no difficulty in classifying 
tlieir reaction. Under very favorable growing conditions for flax, the 
r(‘sistant-miniis reaction (type 1 to 1 + ) of Williston Golden ap- 
proaclied a susceptible-minus reaction (type 1+ to 3) but did not 
approximate it closely enough to be confusing. 

Buda (C. I. 270 ij, the only differential variety placed in the third 
group, had the most diverse reactions of all varieties tested. Its 
reaction range cxtimded from immunity, through most of the inter- 
mediate stages, to a high degree of susceptibility. However, its range 
of rcutction to any single race of rust was relatively narrow. Under 
adverse conditions for growth of flax the infection type on Buda some- 
times approached that next lower in the scale of susceptibility. Wlien 
conditions w’ere such that the plants were growing thriftily, no diffi- 
culty due to seasonal conditions was encountered in identifying races 
diffei’c'ntiated by Buda. 

The differential varieties in the fourth group had, to many races of 
rust, an intermediate reaction that was sensitive to changes in environ- 
mental conditions, so that considerable care was necessary in dif- 
ferentiating between degrees of resistance or susceptibility. To the 
races that they differentiated, these varieties had a relatively stable 
reaction. Two of these varieties, Kenya (C. I. 709-1) and Williston 
Brown (C. I. 803-1), had, the necrotic type of resistance (type 2), in 
which the inoculated areas of the leaves became necrotic before the 
uredia were fully developed and the incompletely developed pustules 
were usually aggregated near the margins of necrotic areas. Isolated 
pustules vrere usually well developed but became prematurely sur- 
rounded by a necrotic zone. The reaction of ‘^pale blue crimped^'® 
(C. I. 647) to races to which it had an intermediate infection type was 
peculiar in that this variety became more resistant when growing 
vigorously under favorable conditions and more susceptible when 
weakened or retarded by unfavorable growing conditions. 

The reaction of Argentine (C. I. 705) to races 1 to 14, inclusive, has 
been tabulated (1); but, since this variety had the variable reaction 

» J. W. S. are the initials of J. W. Stewart, the originator of the variety. 

• The word “crimped” is here used to describe the petal margins, which are inenrved and somewhat wavy. 
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of group 4 and since it lias not been necessaiy to use it in the key for 
the identification of physiologic races, it has been dropjied from the 
list of differential varieties. 

NEW PHYSIOLOGIC RACES OP FLAX RUST 

Ten physiologic races of flax rust, in addition to the 14 previously 
described by the writer (f), have been differentiated by the type of 
infection produced on 11 varieties of cultivated flax.^ ' All varieties 
that have been tested, including many that formerly were considered 
immune from flax rust (/, 3, 6'), have Ix'cn found susceptible to 1 or 

more of the races isolated since 1935. A revised key to the races of 
Melampsora Uni follows. 

Key 

Biida resistant: 

Williston Golden resistant: 

Akmolinsk resistant: 

Williston Brown resistant 
Williston Brown suscopti 
hie 

Akmolinsk susceptible: 

J. W. S. resistant- 

J. W. S. susceptible __ 

Williston Golden susceptible: 

Akmolinsk resistant: 

^‘Pale blue crimped’^ re 

sistant 

“Pale blue crimped’’ sus 

ccptible 

Akmolinsk susceptible .. . 

Buda semiresistant: 

Williston Golden resistant: 

Akmolinsk resistant: 

J. W. S. resistant. 

J. W. S. susceptible 

Akmolinsk susceptible: 

Abyssinian resistant 

Abyssinian susceptible 

Williston Golden susceptible: 

Akmolinsk resistant 

Akmolinsk susceptible 

The characteristic reaction of seedling plants of 11 differential flax 
varieties inoculated with 24 physiologic races of Melampsora lini and 
grown in the greenhouse during the winter months at Fargo, N. Dak., 
is given in table 1. 

It wull be noted in table 1 that several of the races of flax rust isolated 
since 1935 have a wide^r varietal range than any of the 14 races previ- 
ously described (1). The races of rust having greater virulence, as 
measured in terms of the number of differential varieties on which they 
produced a susceptible reaction, were obtained from Minnesota, North 
Dakota, Oregon, and South America. 

Three of the six newly differentiated races of flax rust, collected in 
Minnesota or North Dakota, were more virulent than any of the races 
previously collected in this area. Kace 16 was the first one isolated 
to wlxich Buda, Akmolinsk, and J. W. S. were all susceptible and the 
first race collected in this area to which Abyssinian was not resistant. 

^ Since the preparation of this manuscrlnt, two reports of work done by Stralb In Germany have been 
published (7, 8). Straib differentiates eiacht physioloRic races apparently different from those previously 
described by the writer. While several of his new races resemble somewhat certain races described in the 
present paper, the exact interrelations of these cannot be determined at present since he varied the 



Buda susceptible: 

Williston Golden resistant: 

Uoe Akmolinsk resistant: 

10 ,1. W. S. resistant: Itace 

Kenya resistant . 4 

1 Kenya semiresistant- 12 

.1. W. S. suseejitible-- 13 

T) Akmolinsk susceptible: 

7 ,1. W. S. resistant 8 

J. W. S. susceptible . 10 

Williston Golden susceptible: 
Akmolinsk resistant: 

11 J. W. 8. resistant: 

Bombay resistant 2 

0 Bombay susceptible. . .. 24 

20 ,1. W. 8. susceptible . 9 

Akmolinsk suscept ible: 

J. W. 8. resistant: 

Ottawa 770 B resistant- 19 

17 Ottawa 770 B susce])ti- 

15 ble_ 22 

J. W. 8. susceptible. 21 


3 

18 

14 

23 


Table 1. — Reaction of 11 differential mrieties of Linum usitatissimum to 24 physiologic races of Melampsora Uni 
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Race 23 was the only one collected in the midwest seed-flax-producing 
area to which both Williston Golden and Akmolinsk were susceptible. 
Bombay, which had been immune from every rust collection previously 
tested, was susceptible to race 24, collected in North Dakota in 1938. 
Races 15, 17, and 18 had only minor differences in reaction from thos(‘ 
previously described. Both Buda and Williston Golden were more 
resistant to race 15 than to race 9. The resistance of Akmolinsk dif- 
ferentiated race 17 from race 3. The moderate susceptibility of 
Abyssinian to race 18 diflterentiated this race from race 3. 

The single uredial collection obtained from Oregon, designated rac(‘ 
21, produced a susceptible or semiresistant reaction on all the differen- 
tial varieties previoush’' used (7). The three addc'd differentials, 
Argentine, Bombay, and Ottawa 770 B, were immune from race 21. 
This was the only North American race, with the exception of rac(' 
8, collected in Oregon in 1934, to which Abyssinian was highly 
susceptible. 

Physiologic races 19, 20, and 22, obtained only from South America, 
possessed infection potentialities distinct from all North American 
races. Every variety used in differentiating physiologic races of flax 
rust was eitherhighly susceptible to or immune from these South Amer- 
ican races. The Argentine flaxes, formi^rly considered immurui from 
rust (f, 2, Sj 4, 6), ^'^ere highly susceptible to races 19, 20, and 22. 
Bombay, J. W. S., and Ottawa 770 B were immune from race 19; 
Bombay, Buda, J. W. S., and Ottawa 770 B were immune from rac(* 
20; and Bombay and J. W. S. were immune from race 22. The fact 
that race 22 was found able to attack Ottawa 770 B, which is immum* 
from all other races, is of special importance, as previously this variety 
had been used as a rust-immune parent in breeding immune varieties 
of flax in the United States (4). Bombay and J. W. S. were found to 
be immune from all three races of rust from South America. However, 
Bombay was susceptible to race 24, from North Dakota, and J. W. S. 
was susceptible to several other North American races. 

Buda was previously reported (1) resistant to race 7, but in subse- 
quent tests has been consistently immune, and it is so classified in 
table 1. 

GEOGRAPHIC DISTRIBUTION OP RACES OF FLAX RUST 

Although no systematic survey has been made for the collection and 
identification of physiologic races of Melampsora Uni, determinations 
have been made of collections from various sources. During the 
4-year period from 1935 to 1938, 81 race determinations were made 
in North American urediospore collections. In addition, race deter- 
minations were made on two collections of viable telia obtained from 
South America. Germinating teliospores were used to inoculate flax 
plants and aecia were developed. A susceptible varietur, Bison (C. I. 
389), was inoculated with aeciospores from a single aecium, and race 
determinations were then made by using the urediospores thus pro- 
duced to inoculate the differential varieties. From one of these telial 
collections two physiologic races were identified, and from the other 
collection four physiologic races were identified. 

Physiologic races 1 to 18, inclusive, and 21, 23, and 24 were obtained 
from different localities in North America, and races 19, 20, and 22 
were obtained from South America. The distribution of these races 
and tlie number of times each race was collected in each location are 
ihown in table 2. 



Table 2. — Geographic distribution of physiologic races of Melarnpsora Uni and number of times each race ivas identified in collections, 1935-38 
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There appeared to have been little change since the earlier report {1) 
in the races of rust that predominated in the midwest secd-flax-pro- 
ducing area. The ones with a more limited varietal range continued 
to be predominant, although there were races present that had a 
^ wider varietal host range. Since the principal commercial seed-flax 
variety, Bison, is susceptible to all known races of flax rust, there 
probably was no natural selective survival going on among the more 
widely virulent strains, such as might take place if a variety were 
grown that was resistant to the present prevailing races but susceptible 
to those races having a wider varietal range. 

Kaces 19 and 20 were segregated from a telial collection obtained 
from Uruguay. These 2 races also predominated in the aecial isolates 
made from the telial collection received from Argentina, and races 8 
and 22 also were obtained from these latter isolates. Races 19, 20, 
and 22 were obtained only from South America and therefore si)ecial 
care was taken to prevent their escape from the greenhouse. Tests 
were conducted only during the winter months and all plant parts, 
pots, and soil were steamed before being discarded. 

In 1938, a uredial collection sent from a Texas flax field sown with 
Bison seed obtained from North Dakota was identified as race 14. 
This race was prevalent in Minnesota and North Dakota flax fields 
the preceding year and the Texas infection probably originated from 
telia sown with the seed. 

Race 24 was isolated from a row of heavily rusted Bombay sown 
in the field at Fargo, N. Dak., in 1938. This seed was obtained from 
Jos6 Vallega, who reported this variety immune in Argentina (9). 

REACTION OF VARIETIES OF FLAX 

One of the objects of a study of physiologic specialization in para- 
sitic organisms is to facilitate the production of immune or resistant 
varieties of crop plants. A knowledge of the regional and world-wide 
reaction of the parental material to the disease-producing organism is 
essential, especially when the highly specialized rusts are involved. 
In the data presented in an earlier paper (f), based on a study of 
North American collections of Melampsora lini^ so few of the flax va- 
rieties showed differential response to the physiologic races then iso- 
lated that it was considered more desirable, in recording the reaction of 
varieties, to list them according to type of flax rather than according 
to their response to the different races of flax rust. The varietal 
specificity of several of the more recently isolated races of flax rust has 
made it desirable to group the flax varieties on the basis of their 
differential reaction to the races of rust thus far isolated. On this 
basis the 201 varieties and strains of flax that have been tested with 
the 16 principal physiologic races, Nos. 1, 2, 3, 4, 5, 7, 8, 9, 10, 16, 19, 
20, 21, 22, 23, and 24, have been grouped as follows; (1) Varieties and 
strains susceptible to all these races; (2) those having the specific im- 
munity of (a) Argentine, (b) Ottawa 770 B, (c) J, W. S., and (d) Bombay; 

(3) those having varying degrees of resistance and susceptibility; and 

(4) those too heterogeneous to classify as to predominant type of 
reaction. The several races that were not included have pathogenic 
properties differing but sUghtly from one or more of those used in 
these tests and the additional information would not have warranted 
the incjreased cost in time and effort their use would have entailed. 
Cases where the variety was not pure for rust reaction and instances 
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where a variety consistently exhibited an intermediate type of reac- 
tion have been noted. 

The varieties and strains of flax predoininantly susceptible to all 16 
physiologic races of Melarn'psora Uni that were used are listed in the 
following tabulation. Of tlie 201 varieties and strains of flax tested, 
91 were in this group. 

Varictiea of flax Hmcepiihle to physiologic races 1, 2^ S, 7, 8^ 10^ 16 ^ 20, 

21, 22, 23, and 2Ji of Melampsora Uni and immune fro tn none 

(Irouf) and variety C. T. No. I Group and variety' . I. No. 

l)(;hisc(dit flax {Linuni. usilatissi- Seed flax — Continued. 


uiuni crepitans ) : 

Fruin Siberia 207) 

From Germany . .. 469 

From Ukraine 506 

D()„„-_. 507 

Seed flax {JAniim usitalissimum): 

Petals broad, flat: 

Al)yssiniaii: 

Abyssinian Yellow-s(!ed_ 36 

Al)vssinian 300 

Do • 302 

Al)yssinian from Kgyi)t„ ‘ 380 
Abyssinian from Kenya, 

Fast Africa . 707 

Aim*rican and Furopean: 
lllue-fio\ver(Hi: 

Pison 389 

Holley No. 32 1823 2 754 

Jluda... 326 

Linota 244 

Min nesot a 25 -4 10 _ 421 

Minnesota 25 202- 447 

Minnesota 25-221 423 

Minnesota 25-245 446 

Minnes(.)ta 25 -107 438 

Minnesota 25 -241 458 

North Dakota Resist- 
ant 5 411 

Nortli Dakota Resist- 
ant 52 275 

Nortli Dakota Resist- 
ant 114 489 

North Dakota Resist- 
ant 7i4-- 399 

North Dakota Resist- 
ant 726 412 

North Dakota 4001'6-_- 428 

Pale blue 387-1 

Redwing 320 

vSlope__-,_ - 274 

Winona 481 

Argentine X SaginaAV 660 

White-flowered : 

Blanc 323-3 

Diadem a 321 

Ottawa white-flowered- 24 

Tainmes white 329 

T ammes white, type 10, 774 

Tammes yellow seed 331 

Tammes yellow seed, 
type 13 777 


See footuotes at end of table. 


Petals broad, flat — Continued. 
American and European — Con. 


Pink-flowered: 

Deep pink 648 

Long No. 4_ 400 

Long No. 66 ,. 337 

Do 719 

Long No. 83 354 

Pale pink 2 173 1 

Do 2 i73_3 

Pale pink (M25-228) . _ 479 

Tall pink . 451-3 

Tammes pink 334 

Tammes pink, type 8... 772 

Tammes deep pink 336 

Tam I nes d(H‘i:) ]) i n k , 

type 9.. 1 773 

Argentine: 

Capa . » 720 

De Sanare 2 ]002 

Klein 10 e 3 887 

Rosario ^ Sli) 


Indian: 

Howard and Khan (6): 

var. luieum, type 1 

var. cyaneum, tj’pe 8 

var. purpurewm, type 

11 

var. album., type 15 (*) 

var. agresie, type 22 

var. meridionale, type 

25 

var. pratense, type 28 __ 
Russian: 


Billings 2 184 

Crimean (No. 2237) ^ _ 3 563 

Fergana (No. 401) ^ 512 

Novelty ^ 140 

Samarkand (No. 2238)s_ » 514 

Hybrid: 

Petals narrow, margins 
incurved or crimped: 
Crimped white (Minn. 

25-125)„ 392 

Crimped white (Minn. 

29 55) «685 

Ottawa 829-C 391 

Pale blue ^ 646 

Tammes crimped white- 330 
Tammes crimped wdiite, 
type 11 775 
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Varieties of flax susceptible to physiologic races 1, 3, 7', Sy 5, 10, 16, 19, 20 

21, 22, 23, and 24 of Melampsora Uni and immune from none— Continued 


Group ami variety C. I. No. 

Seed flax — Continued. 

Petals broad, flat — Con. 

Hybrid — Continued. 

Petals narrow, etc. — Con. 
Tammes type 12 (seeds 


brown) 770 

Yellow seed B 325 

Fiber flax {TAnum usiiatissirnum): 
Blue-flowered: 

Althausen 028 

Do ^ 030 

Dalgonetz 498 

F. I.7No. 3_ . M)94 

Hercules 

J. W. S 1 388 


Group and variety C. I. No. 

Fiber flax — C]!on tinned. 

Blue-flowered — Con. 

1 iiral Crown _ 882 

Peerless 095 

Saginaw . 449 

Stormont Cirrus 881 

Stormont Gossamer ^ 883 

Wh i te-fl o wered : 

Blenda 

Concurrents. 801 

Friesland white 50-1 

Minnesota 25-()4 _ 420 

Pinnacle 093 

Saginaw white . . . 448 


1 Some plants resistant to or immune from each race. 

2 Susceptible (S-) to most North American races. S— denotes a suscoptihle-ininus host reaction in 
which the uredia are large but less abundant tlian in a susceptible reaction and in which there is considerable 
distortion and chlorosis or necrosis of the infected leaf tissues. 

3 Some plants resistant to or immune from North American races. 

4 Susceptible (S— ) to race Ki. 

6 Obtained from Dr. N. 1. Vavilov. Union of Soviet Socialist Republic;, in March 1!W0. 

Some plants immune from all rac^s except racx; 22. 

7 F. l. = Fiber investigations. 


Wliilo there was no absolute cori olation between flax type and rust 
reaction, there appeared to be definite ndationsliips. The four strains 
of dehiscent flax (Linum usitatissimum var. m;i;>ifaR.sBornunj^h.) were 
uniformly susceptible. Most American and h]uropcan seed flax varie- 
ties, a-s well as most fiber flax varieties, were susceptible to all races of 
rust, llowevcr, there were a few varieties in these groups that pos- 
sessed resistance to or immunity from certain races. Several varie- 
ties of Abyssinian and of Indian type were highly susceptible, as also 
were a number of varieties having narrow incurved or crimped petals. 
Most of the Argentine and Russian flaxes listed as predominantly 
susceptible were not pure for rust reaction and contained varying 
percentages of plants immune from North American races but suscep- 
tible to races 19, 20, and 22 from South America. 

It is possible that some of the varieties listed as susceptible to all 
races may give a differential reaction when tested with additional 
races of rust. No European rust collection has been tested, but the 
report by Henry {S) that flax varieties resistant or immune in The 
Netherlands were susceptible in Minnesota would indicate the exist- 
ence of varieties susceptible to North American races but resistant 
to or immune from some European races. The variety Rosario 
(C. I. 316) and two selections of ‘'pale pink'' (C. I. 173-1 and 173-3) 
that formerly were reported {!) as resistant to North American races 
have been found to be somewhat susceptible and have been included 
among the susceptible varieties listed in the tabulation on pages 583-584 . 

It has been pointed out that four of the differential varieties, 
Argentine, Bombay, J. W. S., and Ottawa 770 B, have been either 
immune from or susceptible to each of the 24 races of flax rust. The 
reaction of these varieties suggests that each possesses a factor or 
factors for immunity from certain races of rust not common to the 
other three varieties. The studies that have been made on the 
inheritance of immunity from rust in flax bear this out. Henry (4) 
found that immunity from races of North American rust was dominant 
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and conditioned by a single factor in the varieties Bombay and Ottawa 
770 B and by two factors in a selection of Argentine type. Myers {6) 
verified Henry's results in rcigard to Ottawa 770 B. He also found 
that the immunity of an Argentine flax (C. I. 712) could be explained 
by assuming the existence of two dominant factors governing rust 
reaction, one factor determining immunity and the other near- 
immunity from a North American rust collection. Unpublished data 
obtained by the writer have shown that immunity in J. W. S. is con- 
ditioned by a single dominant factor. Flax varieties having rust reac- 
tions similar to that of each of the differential varieties Argentine, 
Ottawa 770 B, J. W. S., and Bombay have been grouped in the follow- 
ing tabulations to facilitate inventories of potential parental material 
for breeding rust-immune flax. 

Flaxes of Argentine type were immune from all North American 
rust collections but higlily susceptible to races 19, 20, and 22 from 
South America. Varieties having either or both of the factors for 
immunity or near-immunity from North American rusts as found by 
Henry (4) and Myers (6*) are in this group. Most of these varieties 
are definitely of the Argentine type or hybrids in which an Argentine 
type of flax was a parent. However, three pink-flowered American 
seed flaxes, one Indian, three Mediterranean, and two Kussian type 
flaxes had the rust reaction characteristic of Argentine type varieties. 
Varieties and strains having the reaction of the Argentine type flaxes 
are listed in the following tabulation. 


Varieties of seed flax {Linum usitaiissimum) suscepHble to physiologic races J9, 20 ^ 
and 22 of Melampsora lini^ and immune from races 7, 2^ 3y J, 7, tV, .9, 70, 76', 


21, 23, and 24 


Q roup and variety C. 1. No. 

American and European ; 

Pink-flowered: 

Bollcy Golden ^ 644 

Bolley No. 32 1822 . _ 750 

Smoky Golden . , 751 

Argentine: 

Argentine (N. Dak. 1742). _ i 342 
Argentine (Minn. 25 “343)-- 2417 
Argentine (Minn. 25-341) 402 

Argentine (Minn. 25-362)... 472 

Argentine (Minn. 25-330) .. * 690 

Argentine (Minn. 25-361 1 ) * 691 

Argentine (Selection C. 1. 

379-3) - 2 692 

Argentine (Minn. 25~323)_- 2 705 

Biglow. 2414 

Capa 10 2 721 

Capa 11 - - - 722 

Kenyai. . * 706 

Do *709 

Light Mauve ® 379 1 

Lineta Z 195 . « 1003 

Lino Grande ‘ 381-2 

Long No. 5 2 466 

Malabrigo - * 346 

Do - -- 696 

Rio 280 


See footnotes nt end of table. 


Group and variety C. I. No. 


Indian: 

Howard and Khan {5) : 

var. pulchrum, typo 34 

Mediterranean: 

Beladi « 377 

Giza 1 378 

Morocco 2 376-2 

Russian: 

Damont . . 3 

Newland . 2 ] gg 

Hybrid: 

Argentine X Saginaw.. . 651 

Do 652 

Do 653 

Do 7 654 

Do_. 656 

Do.. 657 

Do 7 658 

Do 7 661 

Do 664 

Do 667 

Bolley 37-5310 877 

Bolley 37-5242.- . 878 

Natural hybrid, Rosario 820 

Selection Bison X (160 X 

179) - 818 

Selection (19 X 112) X 19. 819 
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Varietina of seed flax (Linum usitaiissimum) susceptible to physiologic races 19 ^ 20 ^ 
and 22 of M elam/psora lini^ and imninne from races /, £?, 4^ *5, 7, Sj 9, 10 1 16^ 

21 j 22f and 24 — ('Ontiniicd 


Group and variety (\ 1. No. 

Hybrid — Cotitimied. 

8elpf'tioii of C. I. 385 (19 X 

112)_.. 823 

Scloctioii of C. 1. 490 (100 X 

179) 824 


ttroiip and variMy C. I. No. 

Hybrid — Continued . 

Selection of C. I. 385 (19 X 

112) 825 

Wfilsli ’ 045 


* Some i)lants resistant to North AiiicrJcaii races. 

^ Some plants resistant or sus<!eptible to North American races. 
3 Resistant to races 10, 21, and 28. 

* Some plants resistant to all rat'cs excei>t 22. 

* Resistant to North American races. 

8 Some plants immune from races 10 and 20. 

' Some plants susceptible to North American races. 


The high proportion of varieties having the Argt'iitinc type of rust 
reaction, but not pure for iininuiiity from Nortli American races of 
flax rust, may be due (1) to a relatively high percentage of naturnl 
crossing in tliese varieties or (2) to an iimnune and to a lu'ar-immune 
or resistant factor for rust reaction, as pointed out by Myers (6‘). 

The varieties with the reaction of Ottawa 770 B, i. e., immune' from 
all racers except race 22 from South America, are' list eal in the following 
tabulation. 


Varieties of seed flax (Linum 'usitaiissimum) susceptible to physiologic race 22 of 
Melampsora liniy and inwiune from races i, 2y 2, 4, e, 7, S, 9, lOy lf>\ 17 y ISy 19y 
20 y 21 y 23 y und 24 


Group and variety C. I. No. j 

Petals broad, flat: ! 

Argentine: 1 

Holley 37 5012 i 874 j 


Klein ll-o 1004 ! 

Lineta Z 170 885 j 

Pergamino selection 884 i 

Tammes pale blue ’ 333 

Petals narrow, margins incurved 
or crimptid : 

Ottawa 770 B._. 355 

Minnesota hybrids: 

Saginaw X Ottawa 770 B 075 

Do 070 

Do 077 

Do. 079 


Group and variety (' 

Petals narrow, etc.- (continued. 
Minnesota hybrids- Con- 
tilled. 

Saginaw X Ottawa 770 B — 
Continued. 


. I. No. 


Do 

682 

Do. . ... - _ 

084 

Do 

085-1 

Do 

686 

Do 

087 

Do 

2 081 

Winona X Ottawa 770 B 

072 

Do... 

073 

Do 

074 

Do 

710 


> Some plants susceptible to all rac('s. 

3 Some plants susceptible to rac»;s 19 and 20. 


Most of these varieties were hybrids in which Ottawa 770 B was a 
parent. The origin of Tammes pale blue and of the four varieties 
from Argentina having rust reaction similar to that of Ottawa 770 B 
was not available. 

The four varieties that were immune from the same physiologic 
races as the differential selection of J. W. S. are listed in the following 
tabulation. 
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Varieties of flax (Linum usitaiissimym) susceptible to physiologic races 7, 9y 16y and 
21 of Melarn/psora liniy and irnmAme from races 1, 2y 3, 8y 10, 19, 20, 22, 23, 
and 24 


Group and variety 

C. 1. No. 

Group and variety 

C. I. No. 

Seed flax: 


Fiber flax: 


Petals broad, flat: 


Blue-flowered: 


Italia Roma.. 

1 1005 

J. W. S 

708-1 

Tammes light l)lue.„ 

332 



Tammes light blue, type 2.. 

. 766 




> Not hiifhly susc('i)tiblo to racos 7, 9, Iti, and 21. 


I^atnmes light blue typos wore identical and pure for rust reaction. 
Italia Konia (C. I. 1005), in addition to being immune from the races 
to which the J. W. S. selection and Tammes light blue types were 
immune, was somewhat resistant to the races to which these varieties 
wer(‘, susceptible. The reaction of Italia Koma suggested that it had 
a modifying factor for resistance, in addition to the factor for immu- 
nity possessed by th(^ diflerential strain of J. W. S. 

I^ie eight varieties listed in the following tabulation had previously 
been considerc'd immum^ from all races of flax rust but were suscep- 
tibl(> to race 24 found in field plots at Fargo, N. Dak., in 1938. These 
ar(». all Indian types or hybrids in which an Indian type flax was a 
parent. The 12 varieties listed in the following tabulation and in 
that immediately preceding were the ordy varieties tested that were 
not predominantly susceptibhj to race 22 from South America. 


Varieties of seed flax {Linum nsitaiifisitnurn) susceptible to race 24 of Melampsora 
Uni, and immime from races U 2, 3, 4. 5, 7, S, 9, 10, 16, 19, 20, 21, 22, and 23. 


flroup ami varioty C. I. No. 

Indian: 

Howard and Klian (5): 

var. minor, type 29 

var. commune, type 46 

var. commune, tyi)e 48 

var. commune, type 53 


Hombav 42 

Punjab 20 


Group ami variety C. I. No. 

Hybrid: 

Saginaw X Hombav 671 

Vallega 2181-1___: 


The varieties that had reactions intermediate between ^flmmune'' 
and ^^susceptible’’ to one or more races of Melampsora Uni are listed in 
table 3. The seven differential varieties that were neither immune 
from nor susceptible to each race are included in tliis table. Two 
selections of Buda X (19X112) (C. I. 821 and 826) had reactions 
identical with those of the differential line of Buda. The reaction of 
Abyssinian (C. I. 511) was similar to that of the differential selection 
of Akmolinsk (C. I. 515-1). The other varieties listed in table 3 
deviated from each of the ditlerential varieties in their reaction to one 
or more physiologic races of rust. This suggests that these varieties 
possess factors or combinations of factors modifying rust reaction not 
possessed by any of the 11 differential varieties listed in table 1. It is 
probable that several of these varieties may be of value in differenti- 
ating new physiologic races of flax rust. 

The reaction to North American races of rust of several varieties 
listed in table 3 was found to be affected by small variations in environ- 
ment and thus was extremely variable. The reactions of “pale pink” 
(C. I. 649), Indian type 55, “pale blue” (C. I. 176), and “pale blue 
crimped” (C. I. 647) 'were especially subject to modification by a vari- 
able environment. 



Table 3. Reaction of varieties of seed flax {Linum usitatissimum) having intermediate differential reactions to physiologic races of Melampsora 

Uni 
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The varieties in which the rust reaction was so mixed that it was 
difficult to determine the predominant reaction with each race are 
listed in the following tabulation. Six of the 11 varieties listed in this 
table were pure for susceptibility to South American races 19, 20, 
and 22. 


Vq^rieties of seed flax (Linum usitatissimum) too heterogeneous to classify as to predom- 
inant type of reaction to physiologic races If 2, 3^ 4i 5^7^ 8f P, 10 f 16 f 19 y 20 y 21 y 22, 
23, and 24 of Melampsora Uni in greenhouse tests 


Orouj) and variety C. I. No. 

Mediterranean: 

Crete » 31-1 

Cyprus 689 

Russian : 

Akmolinsk ^ 52O 

North Caucasian ^ 620 

Winter: 

Roman Winter ^ 470 


‘ Susceptible to races 19, 20, and 22. 

* Susceptible to races 19, 20, 21, and 22. 

* Some plants immune from each race. 


Group and variety C. I. No. 

Hybrid: 

Holley (37-5066) i 876 

Long No. 125 i 356 

Reserve X Morye (19X112).> 486 

Tammes, type 1 (common 

blue) 765 

Tammes, type 3 767 


DISCUSSION 

The production of rust-immune varieties of flax has been rendered 
more difficult by the discovery of new physiologic races of Melampsora 
Uni to which all the varieties that had previously been considered 
immune were susceptible. Henry (^) noted that certain strains of 
Argentine flax, strains of Williston Golden, several varieties obtained 
from India, and Ottawa 770 B were immune in tests made in Minne- 
sota. In his hybridization studies, he used selections of Argentine, 
Ottawa 770 B, and an Indian variety, Bombay, as supposedly rust- 
immune parents. In tests reported upon in this paper, all strains of 
Williston Golden were found to be liiglily susceptible to several races 
of flax rust prevalent in North America, while Bombay and several 
other Indian flaxes that were previously con.sidered to be immune 
were susceptible to race 24 collected at Fargo, N. Dak. Ottawa 770 B 
and certain Argentine strains were immune from all races collected in 
North America but were susceptible to race 22 from South America. 
All of Henry’s supposedly rust-immune hybrid strains that have been 
tested by the writer have been found to be susceptible to certain races 
and to have the reaction of the supposedly rust-immune parent. 
Myers {6) used Newland (C. I. 188) and a strain of Bolley Golden 
(C. I. 644), in addition to Ottawa 770 B and an Argentine selection, 
as immune parents in his studies on inheritance of rust reaction in flax. 
In the present studies all of these varieties were found to be suscep- 
tible to race 22 and also, with the exception of Ottawa 770 B, to races 
19 and 20 from South America, Not one of the 201 varieties tested 
was immune from or resistant to all of the 24 races of flax rust thus 
far differentiated. These varieties had been selected for testing 
because of their diverse morphologic type, their agronomic importance, 
or their reported resistance to or immunity from rust. While all 
possibilities have not been exhausted there is a basis for doubt as to 
the existence of a variety of common flax immune from all races of 
rust. 

There is a possibility, however, that a variety immune from all 
races of flax rust could oe developed by hybridization. The varieties 
that apparently have the same factor for immunity as J. W. S. and 
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those that apparently have the same factor as Bombay were immune 
from races to which the Argentine type flaxes and Ottawa 770 B were 
susceptible. The latter varieties were, in turn, immune from those 
races of rust to which J. W. S. or Bombay were susceptible. No data 
exist as to combining in one variety these factors for immunity. 
Myers {6) found in a cross between two immune varieties, Newland 
and Ottawa 770 B, that immunity was conditioned by a single dom- 
inant factor in each variety and that the factors in the two varieties 
were not allelic. In the cross between the immune varieties Ottawa 
770 B and Argentine selection (C. I. 438), his results suggested that 
C. I. 438 carried the same factor that conditioned immunity to Ottawa 
770 B and also a factor for resistance that was allelic to the factor for 
immunity carried by Newland. The susceptibility of C. I. 438 to 
races 19 and 20, and the immunity of Ottawa 770 from these races 
would indicate that Myers’ suggestion of identical factors for immu- 
nity in these two varieties was not correct. The factor for immunity 
from the North American rusts used by Myers in C. I. 438 was prob- 
ably allelic to the factor for immunity from North American rusts 
and races 19 and 20 from South America in Ottawa 770 B. This 
difference between the immune factors in these two varieties would 
not be apparent with the rusts used by Myers. If the factors for 
immunity carried by either Bombay or J. W. S. are not allelic to the 
factor for immunity carried by either Ottawa 770 B or Newland, it 
should be possible to develop a variety immune from all the known 
races of Melampsora Uni. 

There is a relatively wide range of flax varieties and types available 
for parental material having the resistance of the Argentine differ- 
ential. Varieties in this group included American pink-flowered seed 
flaxes and Argentine, Indian, Mediterranean, Russian, and hybrid 
types. Choice of varieties available for parental material having: the 
factors for immunity of the other three immune groups is relatively 
limited. Of the 20 varieties and selections having the immune reaction 
of Ottawa 770 B, 13 were Ottawa 770 B hybrids. Only 4 varieties 
had the immune reaction of J. W. S. Two of these were apparently 
identical strains of Tammes light-blue type 2. All 8 varieties that 
had the immune reaction of Bombay were Indian type flaxes or hybrids 
in which an Indian type flax was a parent. 

Even if it is found possible to develop a strain of flax immune from 
all known races of Melampsora Uni, the possibility of the rust hybrid- 
izing and developing a new race capable of attacking the immune flax 
should not be overlooked. In temperate regions, flax rust overwinters 
in the telial stage and the initiation of infection in the spring is depend- 
ent upon a natural hybridization process. It appears desirable to 
determine the inheritance of the factors governing different degrees of 
pathogenicity in the rust organism as well as those governing immunity 
m the host. Until this is done it seems desirable to exercise all 
possible precautions against the establishment in North America of 
the races attacking Ottawa 770 B, Newland, and Argentine flaxes. 
Similar precaution should be taken against the establishment in South 
America of races attacking Bombay and J. W. S. 

SUMMARY 

Ten new physiologic races of flax rust {Melampsora Uni), in addition 
to the 14 previously reported, have been identified by the reaction of 
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11 varieties of flax. To differentiate the new races it was necessary 
to add 8 varieties, previously considered immune from rust, to the 
list of host testers. These arc Argentine (C. I. 462), Bombay (C. I. 
42), and Ottawa 770 B (C. I. 355). 

All of the 201 varieties and strains of flax tested were susceptible 
to 1 or more of the 24 physiologic races of Melampsora Uni that have 
been identified. These varieties and strains were selected for testing 
because of tlieir diverse morphologic type, their commercial possibil- 
ities, or their reported resistance to or immunity from flax rust. 
Flaxes of Argentine type and Ottawa 770 B remained immune from 
all races of rust collected in North America but were susceptible to 
one or more of tlie races from South America. 

Bombay and J. W. S. were immune from the races of rust obtained 
from South America but were susceptible to one or more of the North 
American races. 

Pathogenicity tests indicate that each of the differential varieties 
Argentine, Bombay, J. W. S., and Ottawa 770 B possesses distinct 
factors governing immunity from specific races of flax rust. Of 201 
varieties tested, 48 had the reaction of Argentine, 8 the reaction of 
Bombay, 4 the reaction of J. W. S., and 20 the reaction of Ottawa 
770 B to 10 physiologic raxics of Melampsora Uni. 

Tlie races of flax rust with a rather limited varietal range continued 
to predominate in the seed-flax-producing area of the Midwest despite 
the presence of a number of the races possessing a wider varietal range. 
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THE INFLUENCE OF TEMPERATURE, MOISTURE, AND 
FOOD UPON THE DEVELOPMENT AND SURVIVAL OF 
THE SAW-TOOTHED GRAIN BEETLE ' 

By Edward L. Thomas, affsista7it in entomology, and Harold H. Shepard, aasht- 
ant entomologist, Division of Entomology and Economic Zoology, Minnesota 
Agricultural Experiment Station 

INTRODUCTION 

The saw-toothed grain beetle, Oryzaephilus surinamensis (L.) 
(family Cncujidae), has been reported from many parts of the world 
as a pest of a wide variety of stored-food products. It is the grain 
insect most frequently sent in by Minnesota farmers for identification. 
Many obscu'vations in regard to its life history have been made and 
numerous short accounts of its distribution, habits, and biology are 
available in various reports. IVior to 1926 the brief biological notes 
of Chittenden (6^ were almost the only ones of a quantitative nature 
that liad been published. In 1926 Back and Cotton {S) reported 
their observations made under ordinary room conditions with no 
at tempt to control either temperature or moisture. The object of the 
l)resent work was to obtain more d(vfinite information on the life 
history of this insect over a considerable range of controlled conditions 
in relation to temperature, food, and atmospheric moisture. 

METHODS OF STUDYING DEVELOPMENT 

Mass populations of saw-toothed grain beetle adults were reared on 
the moist , balanced food mixture recommended by Haydak {8) and 
held in a constant temperature chamber at 32^^ C. and 75 percent 
relative humidity. Under these conditions it was possible to obtain 
large numbers of the insect in a relatively short time. Several hun- 
dred beetles were collected and placed in an oviposition chamber, a 
pint fruit jar containing a small amount of the food mixture and 
several irregularly broken pieces of a large cork stopper. The cork 
had previously been softened and made pliable by moistening and 
autoclaving. 

The eggs, which are normally laid in cracks and crevices of food 
material, are covered with an adhesive substance which causes them, 
when first deposited, to adhere to each other and to the food particles. 
Cork was found to provide a very suitable surface for the females to 
oviposit on and from which to retrieve the eggs. Following oviposi- 
tion, the pieces of cork were removed and the adhering beetles shaken 
into the culture jar for future use. The eggs adhering to the cork 
were readily observed by means of a binocular microscope and were 
picked off with a fine moistened brush. They were then placed in- 
dividually on the inner walls of 2-dram vials some distance above a 
small supply of food. Nearly half of the hatching e.xperiments had 

* Received for publication .Tune 28, 1939. Paper No. 1723 of the Scientific Journal series, Minnesota 
Agricultural Experiment Station. 

2 Italic numbers in parentheses refer to Literature ('ited, p. 614. 
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to be discarded because of injury to the e^gs during handling. The 
larvae left the empty eggshells attached to the walls, where they 
could be seen easily, making it unnecessary to locate and disturb the 
minute, white, fragih^ larvae among the food particles. 

The adult beetles are v(u*y excitable, and as handling of them was 
unavoidable before each oviposition period considerable time elapsed 
before the deposition of eggs actually occurred. Oviposition periods 
of 2, 4, and 6 hours were tri(‘d, but it was found necessary to extend 
the period to 10 hours. The beetles were placed in th(^ oviposition 
chamber at midnight lo facilitate the measuring of the development 
periods. Including the time required to retrieve them, the eggs were 
from 1 to 14 hours old before they were exposed to the various experi- 
mental conditions. Very few eggs were found to have berui laid in 
the first 4 hours, howevc'r, so it is assumed that th(^ majority of tlvem 
were not over 0 to 7 hours old. 

Eggs were* placed singly in individual 2-flrarn vials whicli contained 
sufficient food and were stoj)|)ered with perforated corks covered with 
small pieces of silk bolting cloth. The vials containing th(^ food had 
previously been conditioned at th(‘ dc'sired temperature jind l)umidity 
for at least ‘M) hours. Groups of .‘10 vials, each vial containing one 
egg with food, were plac(*d in small d(»siccators held at constant t(*m- 
perature. Various known concentrations of sulfuric acid in water 
were used to control the atmospheric moistur(‘ within the dc^siccators. 
The aedd conccMitrations required to give the d(‘sired atmospheric 
conditions were calculated from a graph taken from Wilson (16). 
The desiccators were at no time removed from the cabinets during the 
experimental period, and the vials were out only for a few minutes 
daily during the critical periods, preliminary tests indicating approxi- 
mately when observations were to be made. It is believ(‘d tliat the 
atmosplu^re of the vials reached an equilibrium with the atmosphere in 
the desiccators within a reasonably short time sinc(i the desiccators 
were small and the vials were but a short distance above the aedd 
solutions. 

The various stages of the insect were exposed to temperatures of 
15®, 20®, 25°, 30®, 35®, and 40® C. in cabinets controlled by toluene- 
mercury thermostats which did not vary more than ±0.5®. At least 
three replications were made in each category. 

Two levels of atmospheric moisture oi* saturation deficiency were 
at first chosen, 5 mm. and 12.5 mm. As the work progressed it was 
thought desirable to provide a wider range of moisture conditions and 
a third level, 22.5 mm. of saturation deficiency, was added. 

Tiiree rather dift‘erent typ(*s of food commonly infested by the saw- 
toothed grain beetle were used, namely, rolled oats, English walnuts, 
and raisins. A sufficif'iit quantity of each for tlie entire experiment 
was obtained at the beginning of the study. Each vial contained 
enough of the food material to more than support the insect, but not 
enough for the larva to burrow into and b(‘Come covered. The larva, 
therefore, was more or less exposed to the atmosph(»re at all timers. 
Raisins, because of their hygroscopic nature, did not lend themselves 
to some of the conditions of the experinumt. The young larvae fre- 
quently bepame enmeshed in the sticky syrup produced by the raisins 
and in such cases there was a high mortality. 

Two measures of moisture were utilized in this work, saturation 
deficit and relative humidity. The first is a measure of the evapora- 
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tivo power of the atmospliert^, «nd, being uniform at different tempera- 
tures, may be applicnl to the study of the direct (‘ifect of atmospheric 
moisture upon insect growth. At a 5-mm. saturation deficiency, for 
example, tin'- rate of evaporation is tln^oretically constant at the 
temperaturc^s 35° 30°, 25°, and 20° C. 

Atmosph(>ric moisture, on tho, other hand, is absorbed by food 
materials in proportion to the relative humidity of the air. Tln^ 
r(‘hitivc humidities corresponding to a 5-mm. saturation d(‘ficiency 
at 35°, 30°, 25°, and 20° C. are 88, 84, 79, and 72 percent respectively. 
In preliminary tests rolled oats exposed in d(‘siccators at these' temper- 
ature's anel humidities for 4 days and them elrie'el at 105° for 24 hours 
sheiweel a moisture content on a elry-weight basis of about 21.0, 22.8, 
18.8, anel 15.9 percemt respe'ctivedy. In the analyses of Atwate'r anel 
Bryant (1) soft-sh(41e'el walnuts averaged 2.5 percent moisture'. Finely 
elivieleel soft-she>lle'el walnuts exposed to relative' humidities e)f 40.7 
and 88.0 percent at 35° for 5 days anel then elrie'el eiverr sulfuric acid 
for 10 elays gave approximate moisture-content values of 1.7 and 0.0 
percent. Walnuts appe>ar to be^ h'ss hygre)scopic than rolled oats 
owing ])ossibly, to their high oil content and to the'ir re^eluceel surface. 

If moisture weme held constant in terms of re'lative'. humidity, regard- 
h'ss of teunperature, the foexl moisture' conte'nt would be constant, 
but the' rate' of evapeuation from the> surface of the insect would the'n 
he variable because' of the elifferences in saturation deficiency. By 
holeling one value constant the othe'r will be variable'. It is realizeel, 
the>refore, that in studying the eflFects of tempe'rature alone, the mois- 
ture relatiemships are not entire'Jy in agreement. Although the rates of 
evaporation are constant, the moisture content of the food material 
diffe'rs slightly at each temperature, anel the changes in the rate of 
de'velopme'iit cannot be said to be due entirely to the effects of tempe'T- 
ature. The larvae in a condition of higher re'lative humielity, because 
of a liigher percentage of water in the food, will be able to re'place water 
le)ss with greater ease than those at a lower relative humidity. Much 
greater ('flt'cts, in general, can be attributed to temperature, and it is 
believed that errors due to the variation in food moisture content are 
not very great. On walnuts, the moisture content of which is little 
affected by wide variations in humidity, the error is probably much 
reduced. 

In these experiments tlu' walnuts were divided to permit accessibility 
of the food to tlu^ newly hatched larvae. Schwardt (14) observed 
that finely divided foods of high oil content were detrimental to 
larval dcvelopinc'nt. He stated that when the larvae crawl upon or 
through divided oily food they are brushed on all sides and become 
coated with a thin film of oil. If the food particles are larger the 
larvae can pass through the interstices and only touch the food with 
their tarsi and part of the ventral surface of the abdomen. In this 
study it was found that ground walnuts were fatal to the larv ae where- 
as chopped walnuts had no detrimental effects. 

In the statistical procedure the following form\ila of Fisher (7) was 
used 

/S(x^-S^ 
y iv-i 

— w 

239804—40 3 
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The formula for determining the error of the difference between two 
means is as follows: 

(Xi— Xg) 

when X is the mean, and S. E. is the standard error of the mean. 

RESULTS OF DEVELOPMENT STUDIES 

EGG 

The eggs arc usually laid in groups of 3 or 4 in the cork supplied for 
oviposition. Frequently, however, as many as 20 to 30 w^cre found in 
a cluster. 

From inspection of the data in table 1, it is seen that atmospheric 
moisture has little or no effect on the rate of development of the egg. 
The length of the egg stage varies considerably with the temperature. 
Eggs faihul to develop at 15° or at 40° C. At 20° somewhat more' 
than 12 days were required for them to hatch, while the greatest rate 
of development occurred at 35° when only a little over 4 and a fraction 
days wer('- necessary. Although separate series of data are given for 
each of the three foods, all are computed on a similar basis and a 
comparison of the results will give an idea of the reliability of the 
differences caused by temperature changes. 


Table 1 . — The development of the saw-toothed grain beetle under various conditions 
of temperature^ moisture^ and food 


Food and teinpera- 
tiire (°C.) 

Saturation 

deficit 

Rela- 
tive hii- 
inidity 


Larva 

Pupa 

Total 

N 


N 

£ 

Stand- 

ard 

error 

N 

f 

1 

N 

£ 

Stand- 

ard 

error 

Rolled oats: 

Millimeters 

Percent 


Days 


Days 



Days 


Days 



1 5.0 

71.0 

19 

12.79 

19 

39.74 

0.66 

18 

16. 33 

18 

69.00 

0.90 


1 12.6 

28.7 

30 1 

11.58 

30 

44.64 

.85 

14 

17.43 

14 

73.64 

1.02 


f 5.0 

78.8 

45 

0.29 

45 

15.51 i 

.27 

45 

8. 63 

46 

30.31 

.23 

25® 

\ 12. 5 

47.3 

32 

6. 75 

32 

17.66 

.48 

31 

8.13 

31 

32. 23 

.43 


1 22,5 

6.2 

44 

6.84 

44 

23. 61 

.37 

40 

8.55 

40 

39.15 

.43 


i 5.0 

84.3 

30 

4.89 

30 

10.28 

.19 

36 

5.50 

30 

20. 67 

. 17 



\ 12.5 

60.7 

30 

4.99 

36 

12.28 

.31 

30 

5.51 

36 

22. 80 

.30 


1 5 

29.2 

36 

5,00 

30 

15. 72 

.25 

34 

5.74 

34 

26.41 

.27 


f 5.0 

88.1 

43 

4.16 

43 

9.37 

.14 

43 

4.47 

43 

18.00 

. 14 

35® 

< 12.6 

70.4 

33 

4.30 

33 

10. 85 

.45 

33 

4. 67 

33 

19. 82 

.44 


1 22. 5 

46.7 

45 

4.31 

45 

14.84 

.26 

45 

4.71 

45 

23. 87 

.30 

English walnuts: 














/ .5.0 

71.6 

31 

12. 61 

31 

44.26 

.74 

17 

16.12 

17 

70.69 

1.00 

20 

1 12. 5 

28.7 

19 

12.32 

19 

52. 47 

.86 

3 

16.00 

3 

77. 67 

1. 78 


( .5.0 

78.8 

44 

6.52 

44 

18. 32 

.29 

40 

7.83 

40 

32. 73 

.33 

26® 

1 12,5 

47.3 

31 

6.66 

31 

21.74 

.52 

26 

8.32 

25 

36. 62 

.66 


1 22.5 

5.2 

50 

6.70 

50 

33.08 

.77 

31 

9.29 

31 

48. 56 

1.25 



f 5.0 

84.3 

29 

6.03 

29 

13.69 

.36 

28 

5.68 

28 

24. 11 

.43 

1 12.6 

60.7 

31 

5.03 

31 

15, 74 

.31 

28 

6.93 

28 

26.54 

.37 


1 ^22.5 

29.2 

50 

4.98 

60 

21.20 

.46 

30 

5.47 

30 

30. 97 

.62 


t 6.0 

88.1 

37 

4.00 

37 

15. 30 

.29 

22 

4. 46 

22 

23.68 

.45 

35® 

< 12.6 

70.4 

32 

4.09 

32 

16.09 

.47 

14 

4.79 

14 

25. 14 

.71 


1 22.6 

46.7 

29 

4.24 

29 

21.76 

.96 

14 

4. 57 

14 

29.57 

.89 

Raisins: 













20® 

5.0 

71.6 

3 

12.00 

3 

61.00 


3 

17.67 

3 

80.67 


26® 

/ 6.0 

78.8 

10 

6.20 

10 

30. 10 


6 

8.20 

6 

40.80 


i 12.6 

47.3 

10 

6.20 

10 

32.60 


10 

8.40 

10 

47.20 


O 

1 

f 6.0 

84.3 

4 

4.00 

4 

21. 60 


1 

6.00 

1 

36.00 


\ 12. 5 

_ j 

00.7 

8 

4.00 

8 

27.60 


8 

5.63 

8 

36.63 




LARVA 

Since the eggs failed to hatch at 15° C., some were hatched at 20°, 
the next higher point in the temperature series, and the newly hatched 
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larvae were placed on rolled oats at a saturation deficiency of 5 mm. 
and a temperature of 15®. The larvae failed to develop. Under 
the same food and atmospheric moisture conditions at 20®, 
larvae developed in an average of 39.74 days as compared with 15.51 
days at 25®. On rolled oats the optimum temperature for develop- 
ment is about 35° where 9.37 days are required for the larval stage, 
while at 30® the developmental time is 10.28 days. With walnuts as 
food, and under the same moisture conditions, the developmental 
optimum appears nearer to 30®, where 13.59 days are required as 
compared with 15.30 days at 35® C. 

In general the data show significant differences in the rate of larval 
development at the three moisture levels within each temperature. 
Larval development tends to be more rapid at a higher humidity. 
The differences in developmental time between the moisture levels are 
greatest at 20® C. on both rolled oats and walnuts, because of the 
longer periods involved; in other words, differences in the develop- 
mental ])erio(l decrease with an increase in temperature. Between 

12.5 mm. and 22.5 mm. of saturation deficiency the data differ more 
because of the greater spread in atmospheric moisture conditions. 
Because of insufficient numbers, the raisin data are not statistically 
treated. From inspection, however, they appear to show the same 
trend as the other foods. 

On the basis of the rate of development, rolled oats is superior to 
either walnuts or raisins as food for the saw-toothed grain beetle. The 
raisin data are admittedly lacking in sufficient replications and are 
presented only as an indication of the value of raisins as food for tliis 
insect. Comparing the rates of development at 25® C. and 5-mm. 
saturation deficiency, the larvae completed development in 15.51 days 
on rolled oats, 18.32 days on walnuts, and 30.1 days on raisins. 

PUPA 

The rate of development of the pupa varies with the temperature, 
the maximum being 16 to 17 days at 20° C. and the minimum about 

4.5 days at 35®. From inspection of the data, the atmospheric 
moisture or type of food shows little or no effect on the rate of develop- 
ment, although here, as in the egg stage, any actual differences 
would bo slight and would be obscured by the short developmental 
period and the relatively long intervals between observations. The 
data, however, are mostly rather uniform within each temperature 
regardless of humidity, and the values in each class on the different 
foods approach each other. 

TOTAL DEVELOPMENTAL PERIOD 

Since food and atmospheric moisture conditions have little or no 
measurable effect on the rate of development of the egg and pupa, the 
rate of development under the various conditions for the entire period 
from egg to adult is similar to that of the larva. On rolled oats at a 
5-mm. saturation deficiency, the insect completes its development in 
the shortest time of 18.0 days at 35® C., while the longest mean period 
occurs at 20® where 69.06 days are required. With walnuts as food 
the data for total development at 30® are not significantly different 
from those at 35®. The optimum condition lies somewhere between 
these temperatures. The shortest mean period on walnuts at a 
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5-mm. saturation deficiency is 23.68 days at 35°, while the maximum, 
which occurs at 20°, is 70.59 days. On raisins the developmental 
periods appear from the few available data to be somewhat longer. 
At 30° and at the high humidity, one complete life cycle requires 
about 36.0 days, while at 20° the complete developmental time is 
80.67 days. 

The longest total period of individual development recorded in 
these experiments was 84 days on raisins at 20° C. and a 5-mm. 
saturation deficit. Under the same conditions, but on rolled oats 
instead of raisins, the longest period was 78 days, the shortest 64 days. 
The comparable data for 35° with rolled oats as the food arc 20 and 17 
days, respectively. 

DISCUSSION 

Chapman and Baird {5) determined the duration of the dcveloj)- 
mental stages of TriholUmi confusum Duval at several temperatures 



DEVELOPIVIENT ( DAYS ) 

Figure 1. — Comparison of tlie total developmental periods at different tempera- 
tures for Oryzaephilus surinamensis fed on rolled oats at 5 inm. saturation 
deficiency and TriboUnrn conf mum fed on whole-wheat flour at 75 percent 
lelative humidity. 

and 75 percent relative humidity. In figure 1 are shown these data in 
comparison with the present determinations for Oryzaephilus. The 
data, although not exactly comparable, are nearly so. In the second 
species the data plotted are those at 5 mm. saturation deficiency, but 
the latter is close enough to 75 percent relative humidity that not over 
lYi days correction would be necessary for developmental periods of 
70 days or more. Furthermore, Oryzaephilus was reared on rolled 
oats whereas Tribolium had whole-wheat flour as food. These foods, 
however, are not widely different. The comparison of the two species 
with respect to the time required for development from egg to adult 
shows Oryzaephilus to be considerably faster than Tribolium conjusum 
in its development. At 30° C. the difference amounts to about 8 
days; at 22°^, to about 52 days. Therefore the development of 3Vi- 
boiium conjusum under somewhat comparable conditions may take 
over twice the time required by Oryzaephilus. 



May J, 1940 


of Temperature and Food on Grain Beetle 611 


Holdaway {9) studied the development of Tribolium confusu7n at 
several relative humidities arid a single temperature (27° C.) in con- 
nection with population studies. He found a 24.4-percent increase 
in the total develojHiuuital period when the relative humidity was 
reduced fi’om 75 to 25 percent. In the present studies with Oryzae- 
philus at 25° a compamble lengthening of the period was found amount- 
ing to a 25.9-percent increase when the saturation deficit was increased 
from 5.0 to 22.5 mm. pressure (a drop from 78.8 to 5.2 percent relative 
humidity). 

The fact that stored-product insects are able to develop in very dry 
food is well known. Certain insects can gain water from an atmos- 
phere which is nearly saturated, the water entering through channels 
otluvr than the mouth. Babcock (2) pointed out that through oxida- 
tion of food material a considerable (luantity of water is produced 
which many animals use to carry away nitrogenous wastes in solution. 
Insects living on dry foodstuffs, however, excrete solid uric acid and 
are able to retain the water of metabolism which would otherwise be 
used in excretion. 

1die water content of their food has been shown to influence the 
pi‘opoi‘tion of w al-er in insects. Insects that feed on food of high mois- 
ture (iontent (‘ontain a much higher percentage of water than those that 
live on dry materials. Living on dry food, the insects themselves con- 
tain a higher jiercentage of water than there is in the food . Schultz {13} 
has shown that larvae of Tenehrlo molitor L. fed on bran pass feces of 
which 80 percent is undigested food but lower in moisture than the 
original bran. Buxton { 4 ) explained this as the result of wuisteful 
eating as well as the formation of w^ater of metabolism. When food is 
eaten wastefully the small amount of free water contained in it is 
probably extracted by mechanisms in the rectum, which results in dry 
excreta. Schwardt (14) observed the saw-toothed grain beetle 
develop in food containing practically no free water. 

According to Buxton OL starved larvae of Teuebrio molitor lose 
weight wdien exposed to a humidity of 80 percent or low er, but if kept 
at 90 percent and temperatures of 23° or 30° C. they gain weight. 
He stated that the phenomenon is not similar to the hygroscopy of hair 
and other dead materials, but that it is due to biological activity. 
Water from the liquid in the tracheolcs is thought to be continuously 
secreted into the insect body, thereby increasing the concentration of 
the tracheole liquid and causing atmospheric moisture to be absorbed 
by it. 

Stored-product insects are able to conserve moisture in various ways, 
thus protecting themselves against desiccation. Mellanby {10) stated 
that practically all the water that evaporates from an insect is lost 
through the spiracles. When the spiracles are closed the air within 
the tracheae becomes saturated and in most cases remains so wdien the 
spiracles are opened. Otherwise, when the air becomes very dry, the 
air of the tracheae becomes dry, the tissues being unable to supply 
water fast enough. One of the best methods that insects possess for 
protecting themselves against loss of water, then, is their ability to 
close the spiracles. Certain factors, however, such as an increase in 
temperature, may accelerate metabolic activity and increase the rate 
of respiration, causing the spiracles to bo opened more often and 
increasing the rate of water loss. 

The effect of atmospheric moisture on a stored-product insect. 
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therefore, is in proportion to the rate at which moisture is being with- 
drawn from the insect and to the ease with which that moisture can 
be replaced. The longer time required for development on walnuts 
than on oats is probably due in considerable part to the lower hygros- 
copicity of the food. 

LETHAL EFFECTS OF HIGH AND LOW TEMPERATURES 

The lethal eflects of high and low temperatures on insects are known 
to vary with the species, the developmental stage, and the other 
environmental factors, such as moisture. Data have been presented 
in the preceding paragraphs showing that the egg and larva of the saw- 
toothed grain beetle are incapable of developing at 40° and 15° C. 
To obtain further information on the reactions of tliis insect to lethal 
temperatures, its longevity was determined near both the upper and 
the lower limits of development. Only healthy adult insects, of which 
the sex and age were disregarded, were used in these experiments, 
since it was not feasible at the time to add greatly to the experimental 
work by detennining the effects on all stages. 

Oosthuizen {12), working with all stages of the confused flour beetle, 
Tribolium confusum, found some variation in the heat resistance of 
different stages at different temperatures. He showed that at 44° C. 
50 percent of the adult beetles were killed in 7.4 hours and that changes 
in the atmospheric moisture conditions had no effect at this tempera- 
ture. At 46° only 64 minutes were required to kill 50 percent of the 
adults, but at this temperature moisture conditions affected the results, 
the beetles dying much sooner at 100 percent relative humidity and 
somewhat sooner at 0 and 30 percent than at 75 percent. 

Temperatures between 44° and 46° C. are critical, and very slight 
changes in the intensity of heat between these points produce profound 
effects. The writers operated the same apparatus used by Oosthui- 
zen, but it is felt that somewhat greater accuracy in measurement 
and control of the bath temperatures was attained. The tempera- 
tures recorded by Oosthuizen as 44° and 46° are actually slightly 
lower, although certainly not over 0.7° lower, and probably about 
half that much. 

Adult beetles were exposed in a water bath arrangement and with a 
technique essentially the same as that described by Oosthuizen. 
Cages made of a fine-mesh wire screen were used instead of glass and 
bolting cloth. Thermometers were not placed in the cages as it was 
found that the desired temperature could be obtained there by main- 
taining the outside water bath temperature 0.7° C. higher. This 
difference was due to loss of heat from the exposed portions of each 
glass exposure chamber at the water surface. Temperatures were 
measured with a sensitive thermometer graduated m tenths of a 
degree centigrade. Cage temperatures did not vary more than ±0.1°. 
The exposure chambers were conditioned for at least 4 hours prior to 
each experiment. As active saw-toothed grain beetles cannot live 
long without food, a small amount of food was provided in each cage. 
Exposed beetles were allowed 2 days for recovery before the percentage 
of mortality was determined. Each point plotted in figure 2 repre- 
sents in excess of 150 individuals. 

Tattersfield and Morris {16) have shown that mortality data can 
best be compared at the point at which 50 percent of the individuals 
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survive. The writers’ data for adults of Triholium confusum show 
somewhat lower values than those of Oosthuizen. At 44° C. and 30 

! )ercent relative humidity, 50 percent of the beetles were killed in a 
ittle over 4 hours while at 46° and 50 percent relative humidity about 
40 minutes were required, as compared with 7.4 hours and 60 to 75 
minutes respectively as found by Oosthuizen. These differences show 
how important a fraction of a degree may be in shifting the time 
required to kill a group of insects. 

The exposure periods necessary to kill 50 percent of the adults^of 
the saw-toothed grain beetle decrease rapidly with slight increases in 
heat intensity between the temperatures tested. At 42° C. 50-per- 
cent mortality occurs in about 34 hours while at 44°, only 2° higher. 



PiuiTRE 2. — Mortality of the saw-toothed grain beetle exposed for different lengths 
of time at 44® C. and relative humidities of 30 and 75 percent. 


50 percent "^^of the'^bee ties’ are' killed in approximately 4.5 hours at 30 
percent relative humidity, and 5.7 hours at 75 percent relative humid- 
ity (fig. 2). 

In general the saw-toothed grain beetle and the confused flour 
beetle are about equally resistant to high temperature. The chief 
difference between these species appears to lie in the higher sensitivity 
of Oryzaephilus to desiccation. At 44° C. this species is definitely 
more easily killed at 30 percent relative humidity then at 75 percent. 
At the same temperature and hmnidities, Triholium confusum is 
unaffected by the moisture differences. It appears likely that this 
fact is correlated with the greater susceptibility of Oryzaephilus to 
desiccation at ordinary temperatures. 

Nagel and Shepard (11) studied the effects of low temperatures on 
all stages of Triholium confusum. The exposure periods necessary 
to obtain a 50-percent mortality of the adults at 7°, —6°, —12°, and 
— 18° C. were 336, 8.4, 0.23, and 0.15 hours respectively. 

Adult saw-toothed grain beetles were exposed in small fine-mesh 
wire screen cages, each cage containing approximately 50 beetles and 
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a small quantity of food material. The ca.ges were placed in dry 
desiccators in refrig:orated cabinets at the desired temperatures. No 
attempt was made to control the atmospheiic moistuni conditions, 
but the tcmperatun's were maintained to within ± 1.0° C. Two days 
were allowed for the insects to i*(h*.ov(U* before mortality was detei- 
mined. Exposures were made at two temp(‘ratiircs, 10° and 2°. 
The exposure periods to obtain 50“per(^ent mortality were 30 days 
and 105 hours respectively. It is impossibh^ from these determina- 
tions to say whether Oryzaephilus differs significantly from T. confu- 
sum in resistance to low temperature. 

SUMMARY 

A study was made of the development of all stages of the saw- 
toothed grain beetle (Oryzaephilus surinamensis Ij.) under various 
conditions of temperature^ atmospheric moisture, and food. Roar- 
ings were made or attempted at tcmp(Tatures of 15°, 20°, 25°, 30, 35°, 
and 40° C., at saturation deficiencies of 5, 12.5, and 22.5 mm., and 
with rolled oats, English walnuts, and raisins as food. 

At 5 mm. saturation deficit and on rolled oats as food, the total 
life cycle from egg to adult requires 09.00 days at 20° C., 30.31 days 
at 25°, 20.07 days at 30°, and 18 days at 35°. With rolled oats as 
food, the developmental optimum appears at 35° C. while with wal- 
nuts, th(‘ developmental optimum occurs b(*tween 30° and 35°. Eggs 
larvae faihul to develop at 15° and 40°. In general, d(‘V(4o|)inent is 
more rapid at the higher humidities. The egg and pupal stages 
appear to be littl(‘. affected by atmospheric moisture conditions. On 
the basis of the rate of development, rolled oats are superior to eitluu* 
walnuts or raisins as a food for the saw-tootlunJ grain beetle. 

Adults of the saw-toothed grain beetle and the confused flour 
l)eetle were exposed to high temperatures. At 44° O. and 30-percent 
relative humidity, 50 percent of the flour beetles were killed in a 
little over 4 hours while at 40° and 50-pcrccnt relative humidity 
about 40 minutes were required. At 42°, 50 percent of the adult 
saw-toothed grain beetles were killed in 34 hours while at 44° the 
exposure periods were approximately 4.5 and 5.7 hours at 30- and 
75-percent relative humidities respectively. 

Adult saw-toothed grain beetles exposed at 10° and 2° C. gave 50- 
percent mortality values at 30 days and 105 hours respectively. 

LITERATURE CITED 

(1) Atwater, W. O., and Bryant, A. P. 

1906. THE CHEMICAL COMPOSITION OF AMERICAN FOOD MATERIALS. U. 8. 

Off. Expt. Stas. Bui. 28, 87 pp., illus. (Revised.) 

(2) Babcock, S. M. 

1912. METABOLIC WATER; ITS PRODUCTION AND ROLE IN VITAL PHENOMENA. 

Wis. Agr. Expt. Sta. Res. Bui. 22, pp. [87]-181. 

(3) Back, E. A., and Cotton, R. T. 

1926. BIOLOGY OP THE SAW-TOOTHED GRAIN BEETLE, ORYZAEPHILUS 

SURINAMENSIS LiNNifi. JouF. Agr. Rcs. 33: 436-462, illus. 

(4) Buxton, Patrick A. 

1932. TERRESTRIAL INSECTS AND THE HUMIDITY OP THE ENVIRONMENT 

Biol. Rev. Cambridge Phil. Soc. 7: [276]-320, illus. 

(6) Chapman, Royal N., and Baird, Lilian. 

1934. THE biotic CONSTANTS OF TRIBOLIUM CONPU8UM DUVAL. Jour. 

Expt. Zool. 68: 293-304, illus. 



May 1 , 1940 Influence of Temperature and Food on Grain Beetle 615 


(6) Chittenden, F. H. 

1896. INSECTS AFFECTING CEREALS AND OTHER DRY VEGETABLE FOODS, 
IT. S. Dopt. Agr., Div. Ent. Bui. 4 (n. s.): 112-130, ilhus. 

(7) Fisher, H. A. 

1938. STATISTICAL METHODS FOR RESEARCH WORKERS. PTcl. 7, rCV. 1111(1 
(iiil., 356 pp., ilUis. Edinburgh and London. 

(H) Haydak, Mykola H. 

1936. A food for REARING LABORATORY INSECTS. (Sci. Noto) Jour. 
Econ. Ent. 29: 1026. 

(9) Holdaway, F. G. 

1932. AN EXPERIMENTAL STUDY OF THE GROWTH OF POPULATIONS OF THE 
“flour beetle'’ TRIBOLIUM CONFUSUM DUVAL, AS AFFECTED BY 
ATMOSPHERIC MOISTURE. Ecol. Moiiog. 2: 261 304, illus. 

(10) Mellanby, Kenneth. 

1935. the EVAPORATION OF WATER FROM INSECTS. Biol. Rev. Cambridge 
Phil. Hoc. 10: 317-333, illus. 

(11) . Nagel, R. II., and Shepard, II. H. 

1934. THE LETHAL EFFECT OF LOW TEMPERATURES ON THE VARIOUS 

STAGES OF THE C(JNFUSED FLOUR BEETLE. .Jour. Agr. RcS. 48: 
1009-1016, illus. 

(12) OOSTHUIZEN, M. J. 

1935. THE EFFECT OF HIGH TEMPERATURE ON THE CONFUSED FLOUR 

BEETLE. Alinn. Agr. Kxpt. Sta. Teidi. Bui. 107, 44 pp., illus. 

(13) Schultz, Fr. N. 

1930. ZUR BIOLOGIE DES MEHLWURMS (tENEBRIO MOLITOR). I. MITTEIL- 

ung: der wasserhaushalt. Biochein. Ztselir. 227: 340 353. 
(M) SCHWARDT, 11. 11. 

1934. THE SAW-TOOTHED GR.AIN BEETLE AS A RICE-MILL PEST. Ark. Agr. 
Expt. Sta. Bui. 309, 14 pp. 

(15) Tattersfield, F., and Morris, H. M. 

1924. AN APPARATUS FOR TESTING THE TOXIC VALUES OF CONTACT INSEC- 
TICIDES UNDER CONTROLLED CONDITIONS. Bill. Kut. Rcs. 14: 

223 233, illus. 

(16) Wilson, Robert E, 

1921. humidity control by means of sulfuric acid solutions, with 

CRITICAL COMPILATION OF VAPOR PRESSURE DATA. JoUP. Iiulus. 

and Engin. Chem. 13: 326 331, illus. 




RETENTION BY SOILS OF THE NITROGEN OF VARIOUS 
COMPOUNDS AS SHOWN BY SUBSEQUENT PLANT 
RESPONSE ' 


By John P. Conkad 

Associate agronomist, California Agricultural Experiment Station 

INTRODUCTION 

Although nitrates and nitrites dissolved in the soil solution are not 
held by the solid phase of the soil against leaching, the ammonia 
form of nitrogen is strongly ]*etained. Soil chemists have known these 
facts for many decades. The reactions of many other nitrogenous 
compounds with soils, however, have been but little studied. Do 
soil solids generally fail to retain the nitrogen contained in all of the 
more or less acidic anions like nitrate and nitrite? On the other 
hand, is the nitrogen in all the cations which exhibit only moderately 
basic jiroperties retained by the soil solids as is that in ammonium 
ions? Experiments to test these questions further were undertaken 
in tills study. Regardless of how accurately the reactions of the 
soil with moderately acidic or basic ions may be foretold, questions 
regarding the retention of nitrogen-carrying units of intermediate or 
amphoteric properties are not answered thereby; nitrogenous com- 
pounds with neither pronounced anionic nor cationic properties were 
accordingly included in this study. 

With but few exceptions, soil-fertilitj^ investigations directed to- 
ward ultimate application to field conditions must encounter the 
factor of percolating waters resulting from natural ramfall or irriga- 
tion. Soluble nitrogen-containing units, whether in ionic form or not, 
may be dissolved in the irrigation water and applied to the soil in 
this way. Tliey may also arise in the soil either through the solution 
of nitrogenous fertilizers previously applied in a dry state, or as the 
end products of purely chemical reactions or of biological activity. 
In this connection, the soluble intermediate products of such trans- 
formations cannot be neglected. With such an important element 
of fertility as nitrogen, knowledge of the reactions with the soil of 
the various units carrying this element is important for efficient 
progress on many problems. 


METHODS 

The method described by Conrad and Adams (5)- was used because 
it net only gives a semiquantitative estimate of the reaction of the 
compound in question with the soil, but also indicates the effect of 
the compound on the growth of the test plants. In figure 1 is shown 
a column of pots illustrating the general method used. Each 4-inch 
pot, previously coated with asphaltum paint, was provided with a 
square of waxed paper to cover the drainage hole. Usually 400 gm. 
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of dry soil deficient in nitrogen was then added to each pot. The 
three pots of each column were stacked with the bottom one nesting 
in the drainage can and with the consecutive pots in the column held 
a{)art by a cannery-tin top punched with a large hole. The large 
5-inch i)ot above, equipped with a single-holed rubber stopper, was 
used as a reservoir for the test solution. A piece of glass tubing 
drawn out to a long taper and inserted in the liole of the rubber 
stopper constituted, with the stopper, a noodle valve. The rate of 
flow was then easily regulated by raising or lowering this tapered 
tubing. Thus the test solution was allowed to drip slowly down upon 
the column of pots. At the outset, sufficient solution was added to 
the reservoir to wet the soil completely and to give some drainage 
through the bottom pot. A somewhat greater excess was used when 



Fiouke 1. — Effect on plants of the retention of nitrogen from various percolating 
solutions. At E the solution being tested slowl}^ dripped from the reservoir 
above, down upon the column of 4-inch pots (1, 2, and 3), eacli containing 
about 400 gm. of dry soil deficient in nitrogen. After percolation the pots in 
the columns were taken down and subsequently cropped, ff'lie test solution 
used in each case is shown on the card leaning against pot 2 of that column. 
The soil showed practically no ability to retain nitrogen in the anionic units 
of KCN (F), KCNO ((7), and NaCNS (C). The nitrogen of choline hydro- 
chloride (b) was completely retained in the top j)ot. CaCN 2 (-1) showed inter- 
mediate ijroperties. 

these leachings were to be analyzed. In general the solutions wore 
percolated through the columns as rapidly as possible. Usually 
within 12 hours after percolation started, the solution had disappeared 
from the reservoir above and from the surface of the soil in the top 
pots, and water had appeared in the drainage can. Except as noted 
below, no effort was made to prolong the actual percolation. Gener- 
ally in from 24 to 48 hours after percolation the pots were taken 
down and cropped, each pot being provided with a separate drainage 
can. In some tests, the seed had been planted in the dry soil before 
percolation; in others, planting was deferred until a few days or more 
after the columns were dismantled. Double Dwarf milo and Double 
Dwarf darlo, yarieties of grain sorghum {Sorghum vvlgare Pers.) 
commercially grown in California, were used as test plants. 

In experiments reported with phosphorus compounds (^), the pots 
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were weighed before and after percolation to evaluate the uniformity 
in the amounts of moisture held by tlie soil in the various pots of the 
column. These showed variations of less than 10 percent of the mois- 
ture present between that lield by the top pots and that held by the 
bottom ones. Even though weigliings of pots were only occasionally 
made for the tests rejiorted herein, the variations in moisture held 
by the soil were assumed to be no larger than in earlier studies. 

Nonretention of the compound or at least its nitrogen-containing 
units by the solid jdiase of the soil was indicated by the nearly equal 
distribution of the nutrient (or toxic) effects of the solute, assuming 
equal distribution of the solvent among the pots of the column. 
Unequally enhanced (or in cases of toxicity, injured) growth among 
the pots of the column, with the divergence from the corresponding 
pots of the d is tilled -w^ a ter columns being greater in the top pot and 
successively less or absent in low^er pots, indicated retention. Nitro- 
gen-containing (or in cases of injury, toxic) units that wrere retained 
liad reacted either physically or chemically with the soil by becoming 
more or less firmly affixed to the solid particles of the soil and had 
thereby been more or less completely removed from the solvent as it 
trickled by. 

The soils used in this study w^ere as follow^s: 

Yolo line sand (a loamy fine sand), C-ll, was secured as a deep 
subsoil sample from a Yolo soil on the southern bank of Putah Creek 
on the university farm at Davis. This soil and the next tw^o are 
described in tlie Soil Survey report of the Dixon area ( 4 ), 

Yolo silt loam, C-()2, was secured as a surface sample from the 
experimental plots of tlie Division of Agronomy, at Davis; it had 
])reviously been cropped to small grains. 

Yolo fine sandy loam, C-68, w^as secured as a subsoil sample from 
a depth of 1 to 2 feet from the agronomy experimental area on land 
that had been planted to a variety of crops and that had lain fallow 
for a few moiUhs before the sample W’as collected. 

Fresno fine sandy loam, C-IO, was secured as a surface-soil sample 
from a vineyard about 10 miles northw'est of the city of Fresno. 
This soil is described in the soil survey of the Middle San Joaquin 
Valley (*9). 

The nitrogen compounds used in these experiments were as follows: 

C. p. chemicals — Ca(N03)2, NaNOn, NaNOo, KCX, KCNO, picric acid, 
NaCNS, K4Fe(CN)6, K,Ve{CN),, NH40()(X:il3, (NKJoCO^, NH4OH, 
(NH4)2HP04, (N 114)2804, urea, hydrazine sulfate, and hydroxylamine 
sulfate. 

Chemicals of other grades — acetamide (purified crystals), peptone (bacterio- 
logical), egg albumin (impalpable powder, soluble), gelatin (granular edi- 
ble), blood albumin (technical), commercial sulfamic acid, and ammon- 
ium sulfamate; cyanamide (CaCN2) bought as a fertilizer. 

CheniicaLs of highest purity- guanidine carbonate, theobromine, glycine, 
hippuric acid, glutamic acid, formamide, dicyandiamide, phenylurea, 
thiourea, cyanuric acid, acetonitrile, and acetoxime, and hydrochlorides 
of methylamine, dirnethylaminc, trimethylaminc, choline, semicarbazide, 
cysteine, and arginine. 

Chemical of practical grade — tetramethylammoniura chloride. 

GROWTH STUDIES 

The tests with the various nitrogen compounds were conducted as 
tiino and the supply of materials permitted. Included in each growth 
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series were columns percolated with distilled water to serve as checks 
in evaluating the data secured with the various solutions. The main 
interest in these data arises from the behavior of different forms of 
nitrogen on the basis of the chemical properties of each. Since the 
various growth series could not be arranged according to the chemical 
properties of the compounds, it seemed best to report the data in 
table 1 not as the compounds wore grouped in the separate growth 
series but in a recapitulated form arranged as follows: Section A, 
nitrogen in anionic units; B, nitrogen in cationic units; C, nitrogen in 
amphoteric or approximately neutral units: and D, checks with dis- 
tilled water and cultural data applicable to each growth series. 

In section A were placed sulfamic and picric acids, both fairly 
strong acids, as well as the salts of either weak or strong'^acids. Nitro- 
iirea, though somewhat stronger than acetic acid (f5), is placed in 
section C for comparison with urea. All fairly strong bases containing 
nitrogen, as well as the salts of such bases, are in section B. Section 
C contains the weaker acids and weaker bases, as well as the ampho- 
teric and approximately neutral organic compounds. Cysteine, even 
though used as the hydrochloride, belongs to this group. 

In sections A, B, and C of table 1 arc columns headed “Growth 
series. By referring to the/^ corresponding growtli series in sec- 
tion I), the tyields resulting ^from each solution can be compared 


Table 1. — Retention of the nitrogen from various percolating solutions hy the solids 
of different nitrogen-deficient soils in columns of three 4“inch pots as shown hy the 
subsequent average yield of replicated cultures of Double Dwarf milo and darlo 

A, NITROGKN IN ANIONIC UNITS 


Percolating solution 


Calcium nitrate, Ca (NOj)j 

Sodium nitrate, NaNOs 

Sodium nitrite, NaN O 2 . 

Potassium cyanide, KCN . . 

Potassium cyanate, KCNO 

Sulfamic acid, HSO 3 NH 2 

Picric acid, (N02)aC#H20n 

Sodium thiocyanate, NaCNS. 

Potassium ferrocyanide, K^FeCCNlc 
Potassium ferricyanide, KaFeCCNle- 
Calcium cyanamide, CaCN*.. 


Growth 

scries 


Average green 

yield pe 

r pot 

(ste 
sec. D 
below) 

Repli- 

cations 

Pot 1, 
top 

Pot 2, 
middle 

Pot 3, 
bottom 

Control 


Number 

Grams 

Grams 

Grams 

Grams 

la 

3 

1 * 18. 6 

> 14.4 

> 14.8 


1 

3 

» 14.7 

> 24.4 

> 21.7 

> 19.2 

1 

3 

» 14.3 

> 18.6 

> 19.7 

> 15.4 

4 

3 

*2.7 

>4.0 

>4.3 

>4.3 

5 

3 

1 10.3 

> 10.1 

*8.0 


3 

3 

>.o 

>.o 

>. 1 

>.0 

4 

3 

1 1 

1.1 

>.3 

>.o 

4 

3 

*.'2 

>.l 

*.l 

>.l 

4 

3 

1.2 

1.3 

1.4 

.9 

4 

3 

1.4 

.9 

1.0 

1.0 

2 

3 

>8.2 

<6.3 

> 1.9 

1.9 


U, NITROGEN IN CATIONIC UNITS 


Ammonium acetate, NmOOCCHs 

3 

3 

> a 10.3 

1.9 

1.7 

> 5.0 

Ammonium carbonate, (NH 4 ) 2 C 03 

3 

3 

> *10.4 

1.0 

1.0 

>6.4 

Ammonium hydroxide, NH 4 OH 

Ammonium phosphate. (NH 4 ) 2 HP 04 

1 

3 

> * 43. 4 

* 2.0 

1.7 

>20.3 

3 

3 

> * 14. 0 

1.2 

1.2 

> 9.0 

Ammonium iulfainate, NH 4 SO 3 NH 2 

3 

3 

>«4.4 

*.6 

>.3 

2.4 

Ammonium sulfate, (NH4)2S04 

1 

3 

> * 48. 7 

1.6 

1.2 

>26.6 

Hydrazine sulfate, NaH4H2804 

4 

3 

> * 3. 1 

1.4 

1.7 

*2.6 

Hydroxylamine sulfate, (NH20H)8H3S04 

7 

6 

> *7.7 

1.9 

*2.3 

>3.2 

Tetramethylammonium chloride, (CH3)4NC1 . 
Hydrochlorides: 

7 

8 

> » 19. 6 

1.7 

. 1.8 

> 13.7 

Trimethylamlne, (CH8)8N.HC1 

7 

3 

> *21.6 

1.9 

1.8 

> 12.0 

Dimethylamin^ (OHjiaNH.HCl 

Methylamine, CIUNHaHCl 

7 

7 

3 

3 

1 » 21. 7 
> >24.0 

1.6 

1.4 

1.6 

1.6 

-> 13. 0 
> 11. 1 

Choline, H0(CH2)3N(CH>)80H.HC1 

6 

8 

> >22.7 

1.6 

1.4 


Arginine, 0«Hi4N402.HCl 

7 

6 

> *15.8 

1.9 

1.9 

>8.1 

Semicarbazide, NJH 4 CONH 2 .HCI 

4 

3 

127.2 

>2.6 

>2.6 

>4.1 

Guanidine carbonate, NHrCfNHala.HsCOi 

6 

3 1 

<*.0 

>»6.1 

4.4 

3.1 
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Table 1. — Retention of the nitrogen from various percolating solutions by the solids 
of different nitrogen^deficient soils in columns of three 4-inch pots as shown by the 
subsequent average yield of replicated cultures of Double Dwarf milo and 
darlo — Continued 

C, NITROGEN IN AMPHOTERIC OR APPROXIMATELY NEUTRAL UNITS 



. 

OrovTih 


Average green yield per pot 

Percolating solution 

series 

(see 

Rcpli- 







sec. D 


Pot 1, 

Pot 2, 

Pot 3, 

Control 


lielow) 


top 

middle 

bottom 



Number 

Grams 

Grams 

Grams 

Grams 

Clycinc, Nn2Cn2COOH ... 

3 

3 

«7.4 

»»8.3 

<3.5 

>4.1 

Do 

7 

5 

» « 15. 8 

1 < 9. 2 

* 2.1 

> 10.2 

Hippuric acid, GnnsCONHCH2GOOH 

f) 

3 

7.4 

5.8 

4. 9 

5.0 

Glutamic add, C.^H8N04 

4 

3 

« «n.8 

12 8.6 

<8.0 

3.0 

Cvsteine hydrochloride, HOOCCHNH2CH?- 







SH.HCl 

7 

5 

> M4. 7 

154.4 

1.6 

> 10. 6 

Formamide, HCONH2 

3 

3 

» 5 11.4 

1 2 5. 6 

1.6 

1 3.8 

Acetamide, CH3CONH2 

3 

3 

3 6.1 

3 5.6 

> 6.0 

> 7.0 

Dicyandiamide, NH2C (:NH)NHCN 

5 

3 

1. 1 

1.0 

1.2 


Urea, NH200NH2 

3 

3 

J 6.9 

1 6.7 

3.1 

> 6.8 

Do . .. - 

la 

3 

* 3 5. 5 

» 2 3. 1 

1.8 


Phenylurea, CcHnNHCONH* 

3 

3 

2.2 

3.7 

3.2 

> ^6 

Nitrourea, NH2CONHNO2 . . 

4 

3 

» »6.1 

1 4.0 

>4.1 

> 6.8 

Thiourea. Nn2CSNH2 

6 

3 

<.04 

» .04 

> .2 

> .4 

Cyanuric acid, HuCsNsOs- 

3 

3 

1.4 

1.4 

1.4 

1.7 

Acetonitrile, CHsCN „ . . 

7 

5 

» » 3. 2 

1 « 4. 2 

5.2 

> 5.0 

Acetoxime, (CHsLCiNOH 

7 1 

4 

* 2.9 

1 2 2. 5 

> 2.7 

>3.1 

Peptone 

4 1 

3 

> 2 13. 3 

3.7 

2.4 

1 5. 0 

Egg albumin . . 

4 

3 

» 9.8 

»«7.1 

> 2.4 

<4.7 

Blood alumin 

4 

3 

<6.9 

1.3 

1.7 

2.4 

Gelatin 

1 i 

3 

» ^ 36. 0 

1.6 

1.4 

> 14.0 

'l’h(M)brominp, CtHrN/): .... 

7 

5 

» 3 10.0 

1.8 

1.8 

>2.9 


I), CHECKS WITH DISTILLET) WATER 


Growth 

Series 

No. 






Average green yield per pot 

Experiment 

began 

Experiment 

ended 

Repli- 

c.fitions 

Soil 1 
No. 

Crop 

Pot 1, 
top 

Pot 2, 
middle 

Pot 3, 
bot- 
tom 

Con- 

trol 

1 

Mar. 19,1938 
Apr. 10, 1938 

Apr. 20,1938 
May 25,1938 

Number 

3 

C-11 

Milo ... 

Grams 

1.6 

Grams 

1.6 

Grams 

LJ7 

Grams 

L7 

la 

3 

C-ll.„ 

do.. 





2 

Oct. 11,1937 

Nov, 14, 1938 

3 

C-62.. 

- do 

1.0 

.9 

.9 

1.4 

3 

Nov. 9,1938 

Dec. 16,1938 

3 

C-68.. ! 

Dario 

1.4 

1.4 

1.6 

1.4 

4 

Sept. 17, 1938 

Nov. 9,1938 

3 

C-68, i 

do 

1.4 

1.2 

1.4 

1.7 

5 

6 

Sept. 28, 1938 
July 16,1938 

Nov. 16,1938 
Aug. 15,1938 

1 

3 

C-68 

C-10.. 

do... 

do 

.6 

5.0 

.4 

3.3 

1.1 

4.4 

4.5 

7 

Mar. 20, 1939 

Apr. 17,1939 

5 

C-68. . 

Milo 

2.1 

1.8 

1.8 

1.5 


1 Statistically different (6, p. IH) from the corresponding pots of the distilled-watcr columns as reported 
in sec. D. P»s0.01 or less. 

Statistically different {S, p. 112) from the value in the column to the right and for the pot next below it 
in the column of pots. P lies between 0,02 and 0.05. 

® Statistically different (5, p. 114 ) from the corrovsponding pots of the distilled- water columns as reported 
in sec. D. P lies between 0.01 and 0.02.' 

* Statistically different (5, p, 114) from the corresponding pots of the distilled-water columns as reported 
in sec. D. P lies between 0.02 and 0.05. 

* Statistically different (5, p. 112) from the value in the column to the right and for the pot next below it 
in the column of pots. P=0.01 or less. 

* Statistically different (5, p. 112) from the value in the column to the right and for the pot next below it 
in the column of pots. P lies between 0.01 and 0.02. 


with the yields similarly and simultaneously secured by using dis- 
tilled water as the test solution. Section D reports the cultural data 
applicable to each growth series, such as the time of the experiment, 
thelsoil hsed, and the crop planted. Every reasonable effort was made 
to keep growth conditions miiform for all cultures in each series. 
After growth had started and stands had been secured, the pots in 
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each series were randomized, and the customary care was given. 
Tap water was used for watering the crops. 

The growth series numbered la as reported in table 1 inadvertently 
lacked columns percolated with distilled water. The same soil was 
used as in series 1, and the growth periods overhipped. No great 
error is involved, the writer believes, in using the yield figures for 
distilled-water columns from series 1 to evaluate the results secured 
for Ca(N 03)2 and for urea. 

In the various growth series, the amount of nitrogen applied per 
column varied somewhat. In growth series 1 , each coluinn received 
30 milligram -atoms of nitrogen; in series la, 12.4; in series 2, 30 and in 
cacli series from 3 to 7 inclusive, 10 milligram-atoms of nitrogen per 
column. 

Besides the yields of the difl'erent pots in the columns resulting from 
the different solutions, table 1 reports yields from control pots grown 
simultaneously. Each of these re(‘eived one-third the volume of the 
same concentration of the test solution in question as was added to 
the respective column of three pots. The various levels of statistical 
significance for each of the values arc expressed as superscripts given 
in footnotes. 


CHEMICAL TESTS 

Some of the growth studies reported in table 1 gave inconclusive 
evidence with certain compounds. During the revision of the manu- 
script, it seemed desirable to make a limited number of tests (by 
methods employed in other studies) with some of the more interesting 
solutions. Each solution to be tested was added to a single pot con- 
taining 400 gm. of dry soil (C--68) in four successive portions applied 
about 2 hours apart. The first portion, 250 ml., gave about 90 ml. 
of percolate. The other three portions were of 1 1 5 ml. each . Suitable 
ali(iuots of the original solution and successive ])crcolates were analyzed 
for nitrogen by the Kjeldalil method and the concentration of nitro- 
gen in milligram-atoms ])er liter calculated. The results are shown 
in table 2. 


Table 2. — Concentration of nitrogen as determined by the Kjeldahl method in the 
original solution and in four successive percolates of approximately 100 ml. each 
passing through Yolo fine sandy loam 


Solution 



Concentration of nitrogen per liter In— 

Original 

solution 

Percolate 

1 

P(?rcolate 

2 

Percolate 

Percolate 

4 

Distilled water 

0 uanidine carbonate 

Cyanuric acid 

Dicyan diamide 

MiUxgiam- 

atorns 

0.0 

26.0 

19.4 

19.4 

17.0 

46.2 

Milligram- 

atoms 

0.8 

1.2 

13.2 

13.8 

1.2 

1.8 

MiUigram- 

atoms 

0.4 

.2 

18.2 

18.8 

1.4 

5.4 

Milligram- 

atoms 

0.4 

.4 

19.0 

Milligram- 

atoms 

0.2 

.4 

19.2 

20.4 

6.0 

19.6 

Egg albumin 

Do 

3.2 

12.6 


NITROGEN IN ANIONIC UNITS 

The soils in tliis study that were stimulated in yield of plants by 
CaCNO,)*, NaNOa, NaNOa, KCN (fig. 1, F), ajid ICCNO (fig. 1, G) 
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did not retain the nitrogen of any of these compounds sufficiently to 
affect significantly the yields of the subsequent crops of sorghum. 
Sulfamic acid, picric acid, and NaCNS, being toxic, significantly 
decreased the yields of these crops and were not retained significantly 
by these soils. The yellow color of the picric acid solution was easily 
recognized in the leachings from the bottom pot. Neither potassium 
ferrocyanide nor ferricyanide significantly affected the yields of 
sorghums in these studies. Judging from the yellow color of the leaxdi- 
ings, the soil did not retain the whole of either of these compounds. 
As is widely recognized, calcium cyanamide rapidly hydrolyzes in the 
soil to give urea, which in turn is subje(*t to further transformations. 
Perhaps because of the small number of replicates used, statistically 
significant differences in yield were not secured between successive 
pots of the CaCNo columns (fig. 1 , yl). The yields of the top pots are, 
however, significantly {P lies between 0.02 and 0.05) greater than 
those of the bottom ones. This is the same type of behavior secured 
with urea as reported in section C, growth series 3. 

NITROGEN IN CATIONIC UNITS 

In section B of table 1 are reported the results with solutions con- 
taining nitrogen in cationic units. Practically without exception, 
all the nitrogen present in these units was retained in the top pots of 
their respective series. With NH4OH , the increases in the second pots 
just reac'hed the lowest level of statistical significance. Possibly 
some NH3 gas from NH4OH diffused ahead of the percolating solution. 
The ammonium nitrogen of all other compounds tested was retained 
in their respective top pots. 

These cultures demonstrate in plant growth what Way, as cited 
by Russell (Jf^, p. H8)y showed chemically in 1850. The results with 
ammonium sulfamate show the beneficial efl’ects of the ammonium ions 
retained in the top pot superimposed on the toxic effects of the sul- 
famate ions, which, though not retained by the soil solids, were 
(sulfamic acid, sec. A) generally present throughout the column in 
the soil solution. 

Since hydrazine as listed by Ilodgman (cS’) is a base not much 
weaker than ammonia, its retention by the soil would be expected. 
Hydroxy lamine, according to Olander {11), has a dissociation con- 
stant of 1.07 X lO*"® as a base; evidently it is somewhat weaker than 
hydrazine, though not sufficiently so to be classed as very weak. Ex- 
cept for semicarbazide, it is probably the weakest base listed in 
section B. ' 

Results similar to those with ammonium salts W('re secured with 
the various methyl-substituted ammonium compounds; the hydro- 
chlorides of methyalmine, diinethylamino, and tri me thy lamine; and 
tetramethylammonium chloride. Cultures of some of these are 
shown in figure 2. The nitrogen of choline, a basic compound occur- 
ring in some plants and resulting from the hydrolysis of the lecithins, 
was retained in the top pot. 

Arginine, generalh^ classed as a diamino-monocarboxylic amino 
acid, has moderately strong basic properties. In consequence, its 
complete retention in the top pot of the column is not surprising. 

239804—40 4 
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Guanidine, a monoacidic base, is almost as strong as sodium hy- 
droxide (13), We should, therefore expect it to bo retained com- 
pletely in the top pot of the column. Since there was no growth in 
the top pot of the column, evidently the guanidine, which is toxic, 
had been retained. Data in table 2 likewise confirm this reten- 
tion. In addition, apparently, some transformation products, water- 
soluble and nitrogen-containing, were formed during percolation and 
were carried down in the percolating waters, causing significantly 



Figure 2. — Effect on plants of the complete retention of nitrogen from percolating 
solutions of various compounds by the soil in the top pots of the respective 
columns: B, Fy and (7, Methyl-substituted ammonium compounds; C, 

hydroxylamine sulfate, Z), distilled water; E, theobromine. 


increased growth in the second pot. Semicarbazide {8) is a weak 
base; most of its nitrogen was retained in the top pot. The signifi- 
cantly increased ^owth of the second and third pots over those of the 
check would indicate, however, either an incomplete retention of 
semicarbazide or the movement of some of its decomposition products 
down in the column. 
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If a dilute solution of NH4CI is shaken up with a portion of soil and 
then filtered off, and successively shaken up and filtered off, each time 
with a new portion of the same soil, the concentration of NH4 ions 
rapidly diminishes with each successive transfer, until it has practi- 
cally disappeared from solution. The NII4 ions have replaced an 
equivalent amount of other cations such as Ca, Mg:, Na, and K and 
have thereby become attached to the solid phase of the soil. If the 
amount of solution and the soil be reduced to very small but still 
finite quantities with the concentrations and ratios remaining con- 
stant, the same type of results would be expected. 

The layers of soil in the percolating column in order from top to 
bottom may be regarded as successive portions of the same soil dis- 
cussed above, arranged naturally so that the filtrate from one auto- 
matically comes in contact with and percolates through the one below 
it by the action of gravity. As the front of the percolating solution of 
NTT4CI advances downward through the soil, it may be considered 
to approach equilibrium more or less completely with each layer in 
turn. Even if equilibrium is by no means completely attained, still 
each successive layer of soil will exchange Ca, Mg, Na, and K ions for 
the NH4 ions from the percolating liquid as it trickles by. Eacli 
successive addition of solution upon passing down through the soil 
will be higher in concentration of NH4 ions than its predecessor; 
hence its original supply of NH4 ions will penetrate farther down in 
the soil column. The exchange capacity of the average soil for NH4 
ions is so great and the speed of reaction so rapid, however, that no 
significant quantities of NH4 ions wnuld ordinarily leave the top pot 
of a three-pot column. 

NITROCIEN IN AMPHOTERIC OR APPROXIMATELY NEUTRAT. UNITS 

A soil containing 150 milliequivalents of replaceable cations per 
kilogram may be considered to be fairly well buffered against material 
change in reaction from solutions of amino acids containing 20 milli- 
gram-atoms of nitrogen per liter, especially when the amounts of the 
solutions are but little more than enough to W('t the soil thoroughly. 
The reaction of the soil through which the solution of the amino acid 
is percolated is one of the dominating factors in determining the 
possible chemical reactions of these amphoteric substances. The 
soils used in these studies were approximately neutral to slightly 
alkaline. 

An amino acid such as arginine with a basic isoelectric point (pi ® 
about 10.8) would be expected to dissociate, so that in a neutral soil 
(about pH 7) its nitrogen-containing ions would be cations. The 
complete retention of the nitrogen of arginine in the top pot as reported 
in section B, table 1, was therefore not surprising. A dicarboxylic 
monoamino acid such as glutamic acid (pP about 3.2) in a neutral 
soil would be expected to have its nitrogen in anionic units. Though 
its nitrogen penetrated to a considerable extent into the middle and 
bottom pots, yet penetration was not the same as with the nitrogen 
of other anionic units, such as nitrate, nitrite, cyanate, sulfamate, 
etc. What other properties of glutamic acid are responsible for a 
greater retention of its nitrogen in the top pot remains to be deter- 
mined. 

* pi is the pH of the isoelectric point. 
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Glycine (pi about 6.0) and cysteine (pi about 5.1) with isoelectric 
points lying in between those of arginine and glutamic acid were also 
between them in tlie ability of the soil to retain the nitrogen of each. 
Cultures showing the results of tests with some of these compounds 
appear in figure 3. 

Though th(‘, growth response in table 1, section C, showed neith(‘r 
benefit nor injury either from cyamiric acid or from dicyandiamide, 
the chemical data of table 2 ch^arly indicate that only a very little 
of the nitrogen of these compounds was retained by the soil. 

The nitrogen of formamide was rc'tained rather strongly (table 1, 
sec. C), but still incompletely by the soil of the top pot. Under the 
conditions of these (experiments, tlierci is no evidence of rc'tcention of 



Fkujre 3 ." - Types of plant response to and retenton by soil of various nitrog- 
enous organic compounds when uschI in percolating solutions. No retemtion 
with accHonitrile (CHaCN); complete r(?tcntion with arginine hydrochloride. 
Intermediate types of retention with the amino acids glycine and cysteine. 
Acetoxime (CH3)2C;N()H, gave hut little response and no evidemx' of retention. 

th(^ nitrogen of acetamide', the yields from the thrc'c^ pots of the column 
being nearly equal (table 1, sec. C). Conant {1) regards amides as 
essentially neutral substances, while Sidgwick {IS) regards them as 
very weak bases. Hodgman {8) lists accd.amidt^ as a base, with, 
however, a dissociation constant less than that of water. Tlu'. equiv- 
ahmt conductance as determined {10, v, 0, pj). 201-262) at about the 
same concentrations is slightly more than 10 times as great for acet- 
amide as for formamide. Assuming from these data that formamide 
is a weaker base than acetamide, the difference in retemtion by the 
soil solids between these two amides could not well be explained on 
the basis of their basic and acidic properties. 

For growth series la (table 1, sec. C), the trials with urea showed 
definite and statistically significant but not strong retention of the 
nitrogen by the soil in the successive pots, beginning at the top. In 
series 3, although the differences in yields of consecutive pots in the 
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column are not significant, the yields of the top pots arc significantly 
(P~o.()2) greater than those of the bottom ones. Some other trials 
with urea conductcMl over the last 2 years have suggest('xl the same 
typ(^ of behavior; but insufficient numbers of rc'plicates and high varia- 
bility ill yields hav(‘, resulted in inadequate statistical significance. 
It was ho})ed that tlie various derivatives of urea tested would show 
how the substitution of various organic radicals into the molecule 
affects the retention of urea by the soil, but wdth the variability 
encoimt(vred, thr(‘e replications have been insufficient to give even 
suggestions. Thiourea proved toxic throughout the soil column. 

Acetonitrile and ac.etoxime gave no evidence of being retained by 
the solids of the soil. With the acetonitrile, in fact, an anomalous 
situation occurred. A significantly greater yield was secured from 
the bottom pots thaji from tlie middle or top ones. 

Peptones, essentially a mixture of polypeptides, might be expected 
to redact as do amino acids in these experiments. The evidence so 
far gath(u*ed and herein reported agrees qualitatively with such an 
hypothesis. More extended trials will be necessary to determine 
whether the apparent movement of nitrogen compounds to the second 
and bottom pots is significant. 

The yields of successive pots of the egg-albumin columns are not 
significantly different. Those of the top })ots exceed those of the 
l)ottom pots by differences that are highly signifi(‘ant. The chemical 
tests re])orted in table 2 clearly show that most of the nitrogen of egg 
albumin was retained in the top pots. The amounts percolating 
through the soil, especially in the last percolate, are appreciable, 
however. 

It has been suggested (3) that one possible interaction of gelatin 
with the soil is a filtering out of the dispersed colloid from the per- 
colating solution by the soil as an ultra filter. In a soil near neutrality 
both gelatin and the soil particles would be iiegatively charged. In 
consequence, maximum adsorption of the gelatin by the soil because 
of neutralizing opposite charges would not occur. Gieseking (6‘) 
lists “gelatine” among the exchangeable cations that react with 
montrnorillonite and related minerals. As he used clays saturated 
with hydrogen ions, his findings might conceivably not apply to tlie 
more alkaline conditions near neutrality prevailing in these tests. 
Other factors undoubtedly contribute to the results observed. 

The nitrogen of theobromine (dimethyl xanthine, a purine base) 
was completely retained in the top pot. Hodgman (8) lists caffeine 
(triniethyl xanthine) as being little stronger as a base than water. 
Assuming that there is small difference between these two com- 
pounds as bases, the complete retention of the nitrogen of theo- 
bromine in the top pot is somewhat surprising if considered from the 
viewpoint of its basic properties alone. Some unknown substance or 
substances in the soil solution might have precipitated the theo- 
bromine, or the soil solids might have reacted with it in such a way as 
to remove it from solution. 


DISCUSSION 

The nonretention of nitrogen in anionic units is not unexpected; and 
from the standpoint of the theory of cationic exchange in soils, the 
practically complete retention of the nitrogen in medium to strongly 
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basic cations is almost predictable. Considering, however, the reten- 
tion of the nitrogen of the approximately neutral or amphoteric units, 
the behavior of any compound cannot be predicted on the basis of 
reaction alone. Thus though formamide is probably a weaker base 
than acetamide, its nitrogen was retained much more strongly by the 
soil solids than that of acetamide. 

In the presence of proper catalysts or under conditions favoring 
microbial activity, anunonia may be more or less easily split off from 
these parent compounds. Sidgwick (13, p, I 4 I) indicates that forma- 
mide is more easily hydrolyzed to ammonia and the corresponding 
organic acid than is acetamide. If ammonia were thus separated 
from any of these compounds during percolation, the soil would react 
with it in accordance with its own individual chemical properties and 
would retain it at, or very near, the point in the soil where that particu- 
lar molecule of ammonia was split off. If such were the mechanism 
involved, a slower rate of percolation would allow a greater lapse of 
time for catalytic reaction or biological activity to become effective 
in splitting off more ammonia. 

A reexamination of yield data disclosed approximately equal sums 
for the yields of three pots for given columns percolated with solutions 
of the same compound. Considerable variation occurred, however, 
among yields secured from the replications of the first, second, or 
third pots respectively from these columns. Chance variations in the 
rate of dripping from the reservoir above, together with unequal rates 
of percolation from pot to pot caused by chance differences in packing 
of the soil, might well have produced such variation. The writer 
considers this unequal rate of percolation as one major cause of high 
variability in some of these tests. In growth series 7, glycine, cysteine 
hydrochloride, and arginine hydrochloride were percolated by adding 
in five successive portions approximately one-fifth of the percolating 
solutions to the respective reservoirs, with about 12 hours between 
successive applications. Prolonging the time of percolation, as in 
growth series 7, apparently favored ammonium formation by catalytic 
reaction or microbial activity. Sec glycine in growth series 3 and 7, 
table 1, sec. C.) 

Transformations of cysteine, which is very soluble, to cystine, which 
is very slightly soluble, may take place by oxidation in air or under 
alkaline conditions (7, p. 123), With the concentration used (approxi- 
mately 20 millimols per liter), about 90 ercent of the nitrogen present 
would bo precipitated if all the cysteine were changed to cystine. 
This transformation might well be one of the mechanisms by which 
such a large part of the nitrogen of cysteine was retained in the top pot. 
No mechanism of the same type seems to be at hand to explain the 
somewhat similar retention witn glycine. 

In case injury followed a particular test, it was assumed that the 
compound in question was toxic, although the damage may have 
been caused by decomposition products of that compound. Since the 
soils used were deficient in nitrogen under the conditions of the experi- 
ment, significant beneficial responses showed the position of the nitro- 
gen of the compound regardless of whether this element was present 
in its original form or in physiologically effective forms resulting from 
subsequent biological changes. 
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It is assumed tliat many of these compounds if left to incubate a 
sufficiently long time would be converted almost quantitatively to 
nitrates. Sucli nitrates would, of couj-sc, be expected to react as 
liavc the nitrates reported in this paper. 

Retention of the soil solids of some of the compounds tested, such 
as potassium ferrocyanide, potassium ferricyanide, and phenylurea 
as shown in table 1 was not fully determined by the criterion of sub- 
sequent plant response. Obviously these compounds were neither 
toxic enough nor beneficial enough in these experiments to influence 
the crop. Studies by the methods of analytical chemistry would 
undoubtedly bo required for further advancement of our knowledge 
in this direction. 

This study lias served to give in terms of plant response a quali- 
tative (and in some cases a semiquantitative) estimate of the reaction 
of the nitrogen of a wide variety of compounds in solution with the 
solid jihase of the soil. Further elucidation of the role of various 
factors involved, especially with some of the compounds presenting 
new types of beliavior, must await the accumulation of further experi- 
mental evidence, 

SUMMARY 

Each nitrogen compound in solution was allowed to percolate 
through a column of three pots containing dry soil deficient in nitro- 
gen. The volume of solution was sufficient to wet all the soil but 
without great excess. If the compound was beneficial, the enhanced 
growth of the subsequent test crop was used to determine retention; 
if it was toxic, the reduced growth was used. The results obtained 
were as follows: 

(1) Nitrogen contained in anionic units in the compounds: Calcium 
nitrate, sodium nitrate, sodium nitrite, potassium cyanide, and potas- 
sium cyanate were not retained by the solids in the soils tested, as 
was shown by beneficial plant response in all i)ots of the respective 
columns. Nonretention of sulfamic acid, picric acid, and sodium 
thiocyanate was shown by injury to the growth throughout the pots 
of the respective columns. 

(2) Nitrogen contained in cationic units in the compounds: Am- 
monium acetate, ammonium carbonate, ainmonium hydroxide, am- 
monium phosi)hate (monohydrogen), ammonium sulfamate, ammo- 
nium sulfate, hydrazine sulfate, hydroxylamine sulfate, tetramethyl- 
ammonium chloride, and the hydrochlorides of trimethylamine, 
dimethylaminc, methylaminc, choline, and arginine were completely 
or almost completely retained in the top pots of their respective 
columns. Most of the nitrogen of scmicarbazidc hydrochloride and 
of guanidine carbonate was retained in the top pots of their respective 
columns; yet small but still significant amounts penetrated to lower 
pots. 

(3) There was no evidence of any retention of the nitrogen of ace- 
tonitrile, acetoxime, or acetamide. The nitrogen of glycine, cysteine 
hydrochloride, glutamic acid, forinamide, urea, and CaCN 2 was re- 
tained to a certain degree by the soil solids. Indications are that 
decomposition to liberate ammonia and the resultant retention of 
this form of nitrogen during the period of actual percolation are im- 
portant factors in retention with these compounds. Peptone, egg 



630 


Journal oj Agricultural Research 


Vol.60,No.« 


albumin, and blood albumin showed the same type of retention, 
whereas the nitrogen of gelatin and that of theobromine were com- 
pletely retained in the top pots of their respective columns. 
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THE RESISTANCE OF PROGENY OF KATAHDIN 
POTATOES TO VIROSES ‘ 


15y Leon K. Jones, atmociate plant pathologist^ C. I a Vincent, associate horti- 

cidturistf and I'Iaiil F. Buhk, formerly assistant hortic altar isty Washington 

Agricullural Experiment Station “ 

INTRODUCTION 

Schultz et al. (I i ) ^ reported the Katahdin variety of potato (Sola- 
nurn tuberosum L.) as being resistant to infection in the field by the 
mild mosaic virus and by the latent or X virus. They further re- 
])orted the Katahdin variety to be resistant to the latent virus when 
mechanical inoculation methods, were used, but susceptible when 
tested by tuber grafts. Smith (14)f however, reported that Katahdin 
is not resistant to the X and Y viruses when inoculated by the rubbing 
and ncedle-sc.ratch methods. In a previous publication 09) it was 
shown that Katahdin, as well as C^iippewa and Russet Burbank, 
was somewhat resistant to infection by the Y virus in the field when 
compared with Bliss Triumph, Gold Coin, Irish Cobbler, Warba, and 
II. S. f). A. 41951). Jt was further shown that Katahdin was the only 
vaiiety that transmitti^d to seedling progeny resistance to infection 
by the Y virus in field tests of seedlings develojied from crossing and 
selling 1 1 varieties of potatoes. 

The Y virus in combination with the X virus is responsible for 
the rugose mosaic disease that .is very destructive, in many potato- 
giowirig iireas, to common commercial varieties of potatoes. Since 
(lui older commercial varieties in the Uiiite<i States are carriers of 
the X virus without material damage to the stock, the introduction 
of the Y virus is the destructive element in rugose mosaic (6'). 

It has been shown in a previous publication (9), as well as by other 
investigators, that the Y virus is capable of causing severe damage to 
potatoes even in tlie absence of the X virus. This has been demon- 
strated by inoculation of the Y virus into seedlings that were virus- 
free. Marked variation in symptoms, including mottling and severe 
necrosis, is exhibited by seedlings and clones infected only by the 
Y virus (9), 

111 order to obtain further information on the value of Katahdin 
as a parent in the development of potato seedlings resistant to viroses, 
a number of tests were made beyond those reported in 1937 (.9). The 
results of these tests are reported in the present paper. 

RESISTANCE TO VEIN-BANDING 

METHODS 

Seed developed by the Division of Horticulture of the State College 
of Washington, as well as seed and tubers of named and numbered 
varieties furnished by the United States Department of Agriculture, 
were used in these investigations. 

» Rooeived for pubHcation August 7 , 1939. Published as Scientific Paper No. 413, College of Agriculture 
and Experiment Station, State College of Washington. 
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The seed was planted in the greenhouse about March 15 each 
season and the young seedlings transplanted to beds 4 to 6 weeks 
after seeding. Previous to 1938 all the seedlings were transplanted 
to the field during the last of May or the first part of June. In 1938 
and 1939 the seedlings were mechanically inoculated with the Y 
virus according to the method described by Jones {8) soon after they 
were transplanted to the bods in the greenhouse. A period of 30 to 
45 days was allowed following inoculation before roguing the affected 
plants and transplanting the symptondess (resistant) plants to the 
field. 

The year the seedlings were started and the numbers observed are 
as follows: 1924, 107; 1925, 28; 1926, 138; 1927, 924; 1928, 443; 1929, 
448; 1930, 449; 1931, 350; 1932, 720; 1934, 2,081; 1936, 776; 1937, 
4,000; 1938, 9,728; and 1939, 8,038. Records of the prevalence of 
vein-banding (Y virus) in the plantings have been taken each year 
since 1933 by making three field inspections during the growing 
season. Previous to 1933 the badly diseased stock was rogued from 
the planting without definite information on the causal virus. During 
the winters of 1933 to 1937 all the virus-free clones, those recorded as 
“virus infection questionable,’’ and many of the virus-infected clones, 
as recorded in the ijrevious summer observations, were indexed in 
the greenhouse. Five to twenty tubers representing each clone to 
be tested were planted in the greenhouse. The indexing consisted in 
observing the symptoms of disease, if any, shown by each jdant, and 
inoculating with macerated leaf tissue from each j)otato plant into 
tobacco plants according to the method described by Jones {8), 
These detailed studies in the gi’eenliouse showed that the Y virus was 
responsible for practically all of the viroses observed in the field 
plantings with the exception of a few cases of leaf roll and latent 
mosaic. In 1938 and 1939 curly top developed in the plantings to a 
damaging extent. 

In addition to the seedlings started each year, field plantings were 
made with the clones noted the previous year as resistant to the Y 
virus. Clones that had been grown in the field 2 or more years were 
planted with 25 hills per numbered variety, often in triplicate, and 
the clones that had been grown only 1 year from true seed were 
planted with 12 hills per numbered variety. Many of the numbered 
varieties noted as susceptible to vein-banding, but having desirable 
characters, were saved each season and interplanted in the rows with 
the resistant varieties. Twenty-five hills each of the named and 
numbered varieties, often in triplicate, and the single drop tubers 
(1 small tuber from each numbered variety) furnished by the United 
States Department of Agriculture were interplanted in rows with the 
stock developed from seed. 

Most seasons every third or fifth row was planted with varieties 
known to be affected with vein-banding, and from 40 to 50 percent 
of the stock used each season was affected with vein-banding. Al- 
though the resistant clones and varieties were not uniformly inter- 
planted with the diseased stock in the rows, observations each season 
showed that ample opportunity was afforded for 100-percent infection 
of the susceptible clones and numbered varieties. 

Varieties which showed no vein-banding or less than 30 percent 
affected in a given season were classed as resistant, in contrast to the 
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susceptible ones, most of which showed 100-percent infection under 
similar conditions. 

EFFECT OF A COMBINATION OP VIRUSES 

In order to determine whether a combination of viruses might be 
responsible for the variation in symptoms, a series of tests was made 
on different lots of seedlings using the virus extract from necrotic 
(tig. 1) as well as from mottled (fig. 2, C) plants. 



FiauBE 1. — IS'ucrosia ol’ Kataluiiii, Bdfed seedlings produced V>y inoculation with 

the Y virus. 

Table 1. Variation of symptom in potato seedlinys following mechanical inocu” 

lation vnth the Y virus 


Sottd- 


riants infeciorl that 
showiid- ' 


Source of virus 


I’arentajje of scedlini^s inoculated 


liriKs 

inocu- 

lated 


Mottling 


Necrosis 


Mottled seedling in field ‘ 


Necrotic Katahdin seedling 3,._, 


Mottled Katahdin seedling 


rEarly Norther X McCormick.- 

[Katahdin, selfcd 

Early Norther X McCormick 

I Keeper, selfed 

I Irish Cobbler X Kcei>cr 

[Katahdin, selfed 

Early Norther X McCormick 

I Keeper, selfed 

I Irish Cobbler X Keei)er 

[Katahdin, selfed 


Number 

H)3 

103 

30 

16 

40 

45 

38 

15 

43 

45 


Percent 

Percent 

91.5 

6.2 

18.4 

13.6 

91.7 

8.3 

100.0 

0 

100.0 1 

0 

35.0 

33. 4 

92.1 

7.9 

100.0 

0 

100.0 

0 

36.6 

28.8 


* The Y virus was obtained from infected tobacco plants that had been inoculated from seedling 2563 
tissue collected in the field. 

3 The Y virus was transferred from necrotic Katahdin seedlings noted above, 
s The Y virus was transferred from mottled Katahdin seedlings of second test noted above. 
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An analysis of the results of these tests (table 1) shows that the 
ratio of tiecrosis to mottling was practically the same in infected 
plants of seedling lots regardless of whether the inocudum was from 
necrotic or mottled plants. This shows that a single Y virus was 
responsible for the variable symptoms observed. 



•Fjgurk 2. — Symptoms produced on potato seedlings: A, Mottling; B, necrosis 
by the tobacco mosaic virus; (7, mottling by the Y virus. 


Table 2. - The effect of vein-handing upon yields of potato varietieSy Pulimanj Wash.y 

W3S 


Variety 

First year in field ‘ 

Sceond yofir in field 2 

Hills 

observed 

Average yield per hill 

Hills 

observed 

Average yield per hill 

Total 

U. B. No. 1 

Total 

U. S. No. 1 


Number 

Pounds 

Pounds 

Number 

Pounds 

Po^mds 

U. S. D. A. 40000 

71 

2.0 

1.7 

69 

0.5 

0.4 

Earlaine 

04 

2.4 

2.0 

53 

1.0 

.7 

Houma 

64 

2.6 

1.9 

70 

.7 

.3 

Katahdin 

69 

3.8 

2.9 

66 

3.6 

2.7 


* New stock obtained from the U. S. Department of Agriculture for 1938 planting. Field records early 
in the growing season showed no vieu-bandirg. 

2 Stock saved from 1937 trial plots in Pullman. The Katahdin variety was carefully rogued in 1937, 35 
percent of the plants having become affected with vein-banding. The other varieties became 100 percent 
affected with vein- banding in 1937 and were not rogued. 
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EFFECT OF VEIN-BANDIN(J ON TUBER YIELDS 

The effect of vein-banding: on tuber yields was ol)tained during the 
season of 1938 on a number of varieties in the field planting, as shown 
in tables 2. An analysis of the results of these tests shows that vein- 
banding reduced the yields of U. S. 1). A. 40000, Earlaint^, and Houma 
75, 58, and 72 ])erc(‘nt, res])ectively, in the second season following 
100-percent infection with the virus. Only 5-percent reduction in 
yield was noted in the rogued Katahdin stock. 


RESISTANC’E OF SEEDiJNCS TO ME(mANlCAL INOCULATION 

In order t-o reduce the population to be planted in the field and to 
determine if mechanical inoculation could b(> used as a criterion of 
susceptibility, the seedlings that were started in 1938 and 1939 wc'rc 
mechanically inoculated with the Y virus in tlu^ greenhousi‘ soon aft(‘r 
they W(u-e transplantc'd to the btals. A jaulod of 30 to 45 days was 
allow(‘d before roguing tin' affected plants and transplanting the 
symptomless (n'sistant) plants to the fi(‘ld. Since the susceptible 
plants showed symptoms in 15 to 25 days following inoculation, all 
plants that would develo]) symptoms from tlu' mechanical inoculation 
probalily show(‘d the infection and W(‘r(‘ rogued in the grt'ciihouse. 
Obsc'rvations made 10 to 12 days aft(U‘ the symptomless plants were 
plact'd in the fi(4d faih'd to show any adVctcHl plants which indicates 
that only Ji('althy plants or possibly those with mask(Hl symptoms were 
taken into the fi(‘ld. 

Th(‘ ]‘(‘sults record('d in tabh". 3, wIhtc' tlu‘ tests are summarized 
according t-o th(‘ parents uscmI in si'cd production, show that some lots 
of s(‘('dlings were 100 ])er(*ent susc(‘ptibl(‘ to nu'chanical inoculations 
with the Y virus, while otlnu's wen^ sonu'what r(‘sistant; but none of 
th(‘ set'dling lots showed immunity to inh'ction. Seedling lots pro- 
duced from S(*(‘d of wliich Katahdin was a jiarc'iit consistcuitly showed 
some r('sistan(’(' to infection. Bas(*d on KataJidin S(‘lfed s(‘edlings 
sliowing 54-p(‘rcent r(‘sistan(*.e, it a[)pears that higJver fxu-centages of 
resistance wo're obtained by crossing Katahdin with Ackc'rsegen, 
Imperia, Sebago, and U, S. D. A. 41950, and tliat reduccal resistance' 
was obtained by crossing Katahdin witli EarlaiiK'-Scdx'C, Earlaine- 
Charles Downing, and Houma. The use* of Gre'en Mourdain, No 
Blight, and Albion in ciosses with Katahdin did not materially 
change tlu' resistance of the seedlings as compared with Katahdin, 
selfed seedlings. 

RESISTANCE OF SEEDLINGS TO FIELD INOCULATION 

The results of the field tests with sec'dlings (table* 3) show that me- 
chanical inoculation wdth the Y" virus does not record the complete 
susce>i)tibility of se*e*dling hits since greate*r susce*ptibility w^as eibserved 
in the lielel bcyonel that noted in the gre*enhouse following mechanical 
inoculation. Me'chanical inoculation in the greenhouse, however, 
appears to indicate the relative susceptibility of seedling lots. 

Only seedlinp having Katahdin as a parent showc'd resistance to 
vein-banding in the field. Crossing Katahdin witli Sebago or 
U. S. D. A. 4195f) appeared to increase the percixitage of resistaiu'c over 
that of Katahdin, selfed seedlings, but a consideration of the standard 
deviation shows that these increases are not significant. 



636 


Journal of Agricultural Research 


Vol. 60, No. 9 


Table 3 . — Summary of tests to determine the resistance of potato seedlings to veiri’ 

handing ^ 


Piirentu}?o of scodlinfis 


McCormick: 

Selfod 

Early Norther , , 

Keeper 

Keeper, Early Norther 

Keeper: 

Selfed - 

Jersey Red Skia 

American Wonder 

Cobbler 

Burbank, selfed 

Cobbler, selfed..- 

Earlaine: 

Selfed 

U.S. D. A.4I956 


No Blight 

Late Cobbler 

irindonburg, Ostrapis 

Katahdin: 

Selfed... 

Green Mountain 

No Blight 

Sobago 

V. S. D. A. 41950. 

Houma . 

Ackorsogen 

Imperia 

Albion, 

Earlaine, Sebec . 

Earlaine, Charles Downing. . . 
Carmen No. 3, Bussola, Rural 

New Yorker No. 2 

Yellow-fleshed variety from Costa 
Rica, Aroostook Wonder, Sut- 
ton Flourball, Rural New York- 
er No. 2, Bussola 




Seedlings Inocu- 



Seed 

Seedlings 

latod in the 
greenhouse ^ 

Clones 
resistant 
in the 
field < 

Clones 

lots 

and clones 



rogued for 

tested 

observed 2 

Ob- 

.s(Tved 


curly tof) 8 



Resistant 


Num- 


Num- 




her 

Number 

her 

Percent 

Percent 

Percent 

1 

65 



0,0 


11 

1, 100 

177 

4.0 

.0 


4 

131 



.0 


2 

117 



.0 


3 

466 

131 

.0 

.0 


1 

85 



.0 


3 

100 



.0 


3 

252 

183 

.0 

.0 


ft 

1.342 


.0 


4 

470 



.0 


3 

1.077 

1,077 

.0 


1 

870 

870 

54. 4 

.0 

20.1 

1 

(360) 

360 

43.4 

(.0) 

17. 3 

1 

61 



.0 


1 

(198) 

198 

55.4 

(.0) 

6.9 

28 

4, 754 (180) 

2, 739 

«54.1rfc0.8 

8 4. 4 ±2. 68 

"32.44.21.0 

4 

3. 765(1.033) 

3, 765 

44.5 

2.8(0) 

13. 8 

7 

1, 568 (576) 

813 

58. 5 

4.9 (2.3) 

20.4 

2 

612 (72) 

612 

74.8 

8.2 (1.4) 

59., 

4 

1. 145 (354) 

1,145 

72.6 

7. 4 (4. 2) 

35. 0 

2 

1, 740 (540) 

1, 740 

27.4 

1. 2 (. 7) 

10.1 

1 

(58) 

58 

74.0 

(.0) 

.0 

1 

(493) 

493 

82.8 

(3.4) 

34.8 

1 

(473) 

473 

55. 2 

(.8) 

16.8 

2 

455 (303) 

455 

29.0 

.0(.0) 

20.0 

1 

(432) 

432 

5.3 

(.0) 

38.9 

7 

2, 766(1, .598) 

2, 695 

13.8 

2.3(.0) 

36. 1 

(> 

84 

81 

48.8 

4.7 

18.2 


1 The following crosses with than 50 seedlings in each lot were also observed in the field and failed to 
show any clones resistant to vein-banding. McCormick crossed with American Wonder, Beauty of Hebron, 
Burbank, Early Norther, Early Six Weeks, Irish Cobbler, Jersey Red Skin, Keeper, Late Rose, McKinley, 
arid Mortgage Trifter. Keeper cros.sed wdth Burbank. Late Rose, selfed, and cros.sed with American 
Wonder and Burbank. Early Norther, selfed. Katahdin croSvScd with American Wonder, Burbank, 
Chippewa, Early Norther, Eureka, Irish Cobbler, Keeper, and Met'ormiek. 

2 Figures in parentheses show data collected on tests made for only 1 season. All other figures indicate 
that data are summaries of observations through 2 or 3 seasons. 

3 The seedlings w(;ro mechanically inoculated with the vein-banding virus in the greenhouse. A period 
of 30 to 45 days was allowed following inoculation before roguing the diseased plants and transplanting the 
symptomless (re.sistant) plants to the field. 

♦ Clones showing less than 30 percent of infection were classed as resistant, and the percentage of clones 
resistant In the field was calculted on the total number of seedlings and clones of each parentage that was 
observed in the grocnhou.so and the field. 

3 Curly top caused by the leafhoppcr-tran.smittod virus that is associated with curly top of beets became 
a factor in the e.xperlmental plantings in 1938 and 1939. The percentage of clones rogued for curly top w^as 
calculated on the number of clones exposed to infection in the field. Lack of data shows that the tests were 
made previous to 1938 before curly top appeared as an important factor in the experimental plantings. 

• Standard deviation of the moan. S, D .—-v • 

V n-l 


As was shown in the mechanical-inoculation tests, Earlaine-Sebec 
and Earlaine-Charles Downing crossed with Katahdin reduced the 
resistance of the seedlings in comparison with that obtained in seed- 
lings from Katahdin, s&ed parentage. 

An example of the resistance shown in the field tests may be stated 
as follows: Of the 776 seedlings started in 1936, 89 were saved as 
resistant or promising and grown again in the field in 1937. The 
observations in the field in 1937, as well as indexing 5 tubers per clone 
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in the greenhouse during the winter of 1937-38, showed that only 
18 of the 89 clones continued to show high resistance to vein-banding. 
The 18 resistant clones were grown in the field in 1938 and again in 
1939 and were carefully rogued each season. Field observations on 
the 18 varieties during the last 2 seasons have shown vein-banding 
as follows: In 1938, 7 were virus-free, 6 showed less than 10 percent, 
and 5 showed less than 30 percent of the plants infected; in 1939, 7 
were virus-free, 5 showed less than 10 percent, and 6 showed less than 
40 percent of infection. 

KESISTAKCE OF TOTATO VARIETIES TO FIELD INOOULATION 

A (juantity of tubers, as well as single drops of named and num- 
bered varieties of potatoes recently developed by the United States 
Department of Agriculture, were planted in tlie same planting with 
the seedlings. If a quantity of the tubers of the varieties was fur- 
nished, 25 hills per variety were planted in triplicate. The following 
varieties became 100 percent aflfected with vein-banding in 2 years: 
Earlaine, Golden, Houma, 41956, 46000, 46110, 46125, 44537, 47154, 
and 47160. Under similar conditions the percentage of infection 
for the following varieties was: 46842, 0; 47208, 0; Chippewa, 1.9; 
47196, 2.8; Katahdin, 12.9; 47296, 13.2; 336-123, 19.4; and Sebago, 
31.5 . 

The results of tests with single drop tubers of numbered varieties 
rec.orded in table 4 show that selling Earlaine or crossing Earlaine 
with Katahdin or U. S. D. A. 41956 gave seedlings of reduced re- 
sistance as compared with seedlings produced from selfing Katahdin 
or crossing Katahdin with No Blight or U. S. D. A. 41956. These 
results are in accord with those obtained by mechanical inoculation 
and by field tests with seedlings. 

SEED TRANSMISSION OF THE Y VIRUS 

Observations on the seedlings produced in the greenhouse (tables 
1 and 3), many of which were grown from seed collected from vein- 
banding-aflneted plants, failed to show any indication that the Y 
virus is seed transmitted. 


Table 4. — Tests ivith single drops of nnmhcrcd, varieties to determine resistanee to 
vein-handing^ Pall man, ]yash., 193!) 


Earlaine, sclfcd ... .. 
Earlaine X U. S. D. ^ 
Earlaine X Katahdin, 
Katahdin, selfcd 


I'aroiitHge of single-drop tubers ' 

Hills ob- 
served 

Hills virus- 
free 2 

■ 

Number 

29 

32 

Percent 

0. 0 

LU96G.-. 

3.1 


80 

5. 0 


37 

18. 1 

it 

88 

21,6 

A. 41956 

74 

25. 7 



1 Single-drop tubers of numbered varieties furnished by the U. S. Department of Agriculture. 

* Planting observed and rogued 3 times during growing season. The last observation was made Oct. 6, 
1939, 3 days before harvest. 

RESISTANCE TO CURLY TOP 

A serious disease appeared in the potato planting in 1938 and 1939 
which showed as dwarfing and erectness of the plants, rolling, harsh- 
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ness, HTvd reddening of the foliage, and extreme dwarfing and increase 
in the niiinber of tubers (fi^. 3). The disease was very severe in the 
seedling planting, often killing the aflected plants and making it 



Figure 3. — Curly top of Kaiahdin, selfed seedling from experinjental plot, 1939. 


difficult to obtain definite data on susceptibility to vein-banding. 
The general appearance of the disease resembled that associated with 
psvllid yellows or aster yellows, but frequent observations and the 
ccJ^Iection of prevalent insects failed to show the presence of the insect 
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vec.toj's of these two diseases. The fact that aster yellows has never 
been recorded in the immediate vicinity of Pullman is further evidence 
that the aster yellows virus was not the causal agent. 

The prevalence of curly top in tomato plantings adjacent to the 
potatoes and the heavy infestation of Eutettix tenellus (Baker) on the 
potato plants indicated that the curly top virus was responsible for 
the symptoms. The virosis known as curly top of beet, which is 
transmitted by the leafhopper E. tenellns, has been reported on 
potato by Severin {IS) who states: ^^Further experiments will show 
whether tuber transmission of curly top occurs in potato.’’ 

Tubers collected in the field from 25 potato plants affected with 
curly top were planted in the greenhouse in the winter of 1938-89. 
This sto(*k produced 3 plants showing spindly sprouts, erectness, 
inward rolling, and yellowing of foliage which indicates only a low 
[)ercentage of tuber transmission. Healthy tomato scions were 
grafted onto the affected potato plants, and typi(*al symptoms of the 
common tomato curly-top disease developed on the tomato. 

The data collected on the prevalence of curly top in the seedlings 
(table 3) show wide variation; however, the large standard deviation 
of the mean indicates no siginficant differences in susceptibility of the 
seedling lots. 

Curly top of tomatoes has been prevalent adjacent to the potato 
plots ('ach year since tlie potato project was started. Observations 
in commercial and garden plantings of the Katahdin variety in the 
vicinity of Pullman, in 1938 and 1939, showed 8 to 10 percent of the 
plants affected with curly top. The fact that the disease was not 
important in the potato planting until 1938 and 1939 coincident with 
the general use of Ka tahdin as a parent in the seedlings would indicate 
that possibly Katahdin and Katahdin progeny are more susceptible 
than other varieties. 

RESISTANCE TO TOBACCO MOSIAC 

Allard (7), Dickson (4), Clinton (»5) and Schultz and Folsom {12) 
have reported unsuccessful attempts to infect potatoes with the 
tobacco mosaic virus, flohnson (7) obtained local necrotic lesions on 
the inoculated leaves of Bliss Triumph but concluded that tobacco 
mosaic di<l not become systemic in the potato. Fernow {5) reported 
symptoms on potato closely parallel to those of streak of potato and 
obtained systemic infection with tobacco mosaic on the Green Moun- 
tain variety. Blodgett {2) showed that tobacco mosaic produced 
different symptoms on certain varieties of potatoes, the Rural New 
Yorker No. 9 being especially susceptible, and that on some varieties 
already afl'ected with the latent virus, streak symptoms appeared. 
Folsom and Bonde (6*) have shown that tobacco mosaic can infect 
Green Mountain potato plants, producing symptoms rather like 
those of the potato streak disease. 

The susceptibility of a number of potato varieties and seedlings to 
infection by the tobacco mosaic virus has been determined by inocula- 
tion in the greenhouse of the State College of Washington. Tobacco 
mosaic virus No. 1 obtained from Dr. James Johnson of the University 
of Wisconsin was used in all of the tests. The virus was inoculated 
into tobacco plants in 1929, and the diseased plants were harvested 
and hung in a shed adjacent to the greenhouse. Portions of this 

239804 — 40 6 
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material which had been dried for 10 years were used to inoculate 
young tobacco plants, and the newly affected tobacco plant tissue was 
used as inoculum on the potato plants, according to the method de- 
scribed by Jones {8) supplemented by the sprinkling of carborundum 
dust on the foliage to be inoculated previous to inoculation {10), 

The results of inoculations (table 5) show that plants of the Rural 
New Yorker No. 9 variety and seedlings produced from crosvses of 
Early Norther X McCormick and Irish CobWer X Keeper were some- 
what susceptible, but that plants of the varieties Early Rose, Chip- 
pewa, Green Mountain, Irish Cobbler, Katahdin, and seedlings from 
selfed Earlaine, selfed Katahdin, selfed Keeper, and Katahdin crossed 
with Houma, Sebago, or U. S. D. A. 41956 were immune to tobacco 
mosaic when mechanical-inoculation methods were \ised. The 
symptoms shown by potato seedlings affected with tobacco mosaic 
varied from distinct mottling with large, raised, dark-green areas 
(fig. 2, A) to extreme necrosis (fig. 2, B) depending upon the reaction 
of the individual susceptible seedling. Affected plants of the Rural 
New Yorker No. 9 variety showed leaf and stem necrosis vsimilar to 
potato streak symptoms. 

TABT 4 E 5 . — Svwrnary of tests to determine rcsislniice of potato varieties and seedlings 

to tobacco mosaic ‘ 


1 

Variety or parentage of 
seedling 

Plants in- 
oculated 

Plants in- 
fected 

Variety or parentage of 

s«H*dling j 

1 

Idants in- 
oculated 

Plants In- 
fected 

Early Rose 

Number 

31 

Percent 

0.0 

Early Norther X McCormick. 

Nu mber 

m 

Percent 

19.3 

Chippewa 

2 

.0 

Irisl) Cobbler X Keeper 

179 

4. .5 

Green Mountain 

33 

.0 

Katahdin, selfed 

444 

.0 

Irish Cobbler 

33 

.0 

Katahdin X nouma.. 

108 

.0 

Katahdin 

408 

.0 

Katahdin X Sebago . . . 

108 

.0 

Rural New Yorker No. 9 

20 

l.'i.O 

Katahdin X S. 1). A. 419.50, 

108 

.0 

Earlaine, selfed .. 

108 

0.0 

Keeper, selfed . . 

48 

.0 


1 1'obacco mosaic vims No. la from tobacco plant that had been inoculated from tobacji'o tissue that had 
been dried for 10 years. An equal number of uninoculated control plants in each test failed to show sym- 
toms of tobacco movsaic. 


During the winter of 1937-38, 10 tomato scions were grafted onto 
10 selfed Katahdin seedlings. The tomato scions were subsequently 
inoculated with tobacco mosaic. The symptoms of tobacco mosaic 
appeared on the tomato foliage, and definite mottling with large dark- 
green areas followed by necrosis of the light-green areas showed on the 
foliage of the potato seedlings. Inoculations from the affected potato 
foliage to tobacco plants showed the presence of tobacco mosaic in the 
potato foliage. Tubers collected from the mosaic-affected selfed 
Katahdin potato plants were planted in the greenhouse along with 
tubers collected from the Early Norther X McCormick seedlings 
affected by tobacco mosaic. The plants produced from the Early 
Norther X McCormick seedling tubers showed strong symptoms of 
tobacco mosaic but those from selfed Katahdin tubers failed to show 
any symptoms of the disease. Inoculations with potato plant tissue 
from the 2 lots of plants verified the presence of the tobacco mosaic 
virus in the Early Norther X McCormick seedlings and its absence 
from the selfed Katahdin seedlings. These results show that the 
selfed Katahdin seedlings were susceptible to infection by the tobacco 
mosaic virus through grafts with mosaic-affected tomato scions but 



May 1 , 1940 Resistance of Progeny of Kaiahdin Potatoes to Viroses 641 


that the virus was not transmitted through the tubers produced by 
affected plants. 


RESISTANCE TO LATENT MOSAIC 

Schultz et al. (11) report that leaf-rubbing, tuber-grafting, and 
field-contact tests failed to produce infection by the latent or X virus 
in the potato variety U. S. D. A. 41956. The same authors further 
report that Katahdin was resistant to latent mosaic in field tests, but 
contracted the disease in tuber-graft tests where it was expressed as 
top necrosis. The report of Smith (14) shows Katahdin to be sus- 
ceptible to infection by the X virus by the rubbing and leaf-scratch 
methods of inoculation, the resultant disease showing as circular 
necrotic lesions followed by a mild mottling of the topmost leaves, 
while the other leaves developed a curious network of faint necrotic 
lines most pronounced on the under surfaces. 

Inoculations to determine the susceptibility of Katahdin to infection 
by the X virus have been made at difl'erent times over a period of 
years. In the earlier tests with the X virus from Russet Burbank 
and Green Mountain plants, Katalidin was shown to be immune to 
infection by mechanical inoculation (table 6). 


Tahi.e (). -Summary of ksls to deter mine the resistance of Katahdin to rnechariical 
inoculation with the latent or X virus 


Orl'jiiiRl source of the 
virus 

1 

Sourei* of virus for the 
iruKruhition test 

Katahdin 

plants 

Plants infected by the latent 
virus 

in test 

Number' 

Symptoms 

Russet Burbank . _ 

Russet Burbank .. ... 

Number 

19 

0 

None. 

Do 

Tobacco 

10 

0 

no. 

(}re(“n Mountain 

. do 

10 

0 

1)0. 

SeedliiiR 2277 _ 

do ... 

4 

4 

MotlUnKrcrinklingf. 

Do . 

Katahdin . . . 

15 

15 

Do. 

J)o. . 

Datura stramonium-^ - 

20 

20 

Do. 

Conti ol 

Cuinoculjtcd 

24 

0 

None. 


» Based on symptoms shown by each plant and inoculaiiuns to tobacco plants with potato plant tissue, 
alone and in combination with the vein*bandin.c virus. 


During the winter of 1933-'34, four Katahdin plants were inoculated 
with a virus that appeared in seedling 2277, and very definite mottling 
of the foliage resulted (fig. 4). Further tests showed that the causal 
virus was definitely of the^X type based on the following characters: 
Thermal inactivation, 68 to 70° C.; produced spot necrosis of tomato 
and tobacco in combination with the vein-banding virus; caused 
systemic infection in Datura strarnonium (fig. 5); and retained all of its 
original characters after passage through D. stramonium. 

In further tests on Katahdin this variant of the X virus consistently 
produced lOO-percent infection in mechanical inoculations. The dis- 
ease has been perpetuated through three generations of tubers and 
continues to show the same severe mottling without necrosis. The 
disease has been observed only on the experimental plants in the 
greenhouse. Tlie original source of the virus is unknown beyond the 
fact that it appeared in plants of seedling 2277 developed from Early 
Norther X McCormick. 
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Fkuihe 4. - Mottle of Katahdin leavess produced by iiuxuilatioii with the X-ty})o 
virus obtained from seedling 2277. 



Figure 5.- Mottle of Datura stramonium (d) and tomato leaves (H) produced by 
inoculation with the X-type virus obtained from potato seedling 2277 compared 
with mottle of D. stramonium leaf (C) produced by inoculat*Tn with the X 
virus from Green Mountain potato. 
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The tests with the X virus, as shown in table 6, show that Katahdin 
is resistant to infection by the common X virus found in Russet 
Burbank and Green Mountain potatoes, but susceptible to the X virus 
from seedling 2277. 

SUMMARY 

The vein-banding or Y virus, which is the destructive element in 
rugose mosaic, produces marked variation in symptoms depending 
on the reaction of the individual seedling and may reduce yields of 
susceptible varieties as much as 75 percent. 

Some lots of seedlings were 100 percent susceptible to mechanical 
inoculation wdth the Y virus, wdiile others were somewhat resistant 
and none of them show^ed immunity. Seedling lots, produced from 
seed of whicli Katahdin was a parent, consistently showed some 
resistance to iTifection by mechanical inoculation with the Y virus; 
and crosses of Katahdin with Ackersegen, Impcria, Sebago, ami 
U. S. D. A. 411)50 appeared to transmit greater resistance than did 
selling Katahdin. 

Mechanical inoculation with the Y virus did not show the (‘.omplete 
sus(‘eptibility of seedling lots since greater susceptibility wuis ob- 
served from natural inoculation in the field. 

Only seedlings having Katahdin as a parent showed resistance to 
vein-banding in the field, and no significant increase in resistai^ce over 
that shown by selfed Katahdin was obtained by crossing Katahdin 
with othei* varieties. 

Many named and numbered varieties of potatoes became 100 
percent affected wdth vein-banding in two seasons in the field, while 
others, including Katahdin, showed less than 32-percent infection 
under similar conditions. 

Tests with single-drop tubers show^ed that selling Earlaine or cross- 
ing Earlaine with Katahdin or U. S. D. A. 41950 gave seedlings with 
reduced resistance to the Y virus as compared with seedlings pro- 
duced by selling Katahdin or crossing Katahdin with No Blight or 
U. S. D.* A. 41950. 

Observations on thousands of seedlings produced from seed col- 
lected from vein-banding-affected plants fail to show any seed trans- 
mission of the Y virus. 

The virus which causes curly top of beets was very prevalent in 
the field, but no significant difference in susceptibility was noted in 
the seedling lots. 

Plants of the Rural New Yorker No. 9 variety and seedlings pro- 
duced from crosses of Early Norther X McCormick and Irish Cobbler 
X Keeper were susceptible to mechanical inoculation wdth tobacco 
mosaic, but all the other varieties tested, including Katahdin and 
other seedlings including crosses with Katahdin, were immune. 

Selfed Katahdin seedlings were susceptible to infection by the 
tobacco mosaic virus through grafts with mosaic-affected tomato 
scions, but the virus was not transmitted through tubers collected 
from affected plants. 

Katahdin was immune to infection by mechanical inoculation with 
the X virus from the Russet Burbank and Green Mountain varieties, 
but was susceptible to a variant of the X virus obtained from potato 
seedling 2277. 
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SEASONAL DEVELOPMENT, INSECT VECTOHS, ANIi HOST 
RANGE OF BACTERIAL WILT OF SWEET CORN ‘ 


By Charlotte Klliott, associate pathologist^ Division of Cereal Crops and Diseases, 
Bureau of Plant Industry, and F. W. Poos, senior entomologist, Division of Cereal 
and Forage Insect Investigations, Bureau of Entomology and Plant Quarantine, 
United States Department of Agriculture * 


INTRODUCTION 

The work described in the present paper is a continuation of an 
investigation on bacterial wilt previously reported by the writers 
(4, 9),^ Cooperative investigations on the insect phases of this 
disease by the Division of Cereal Crops and Diseases, Bureau of Plant 
Industry, and the Division of Cereal and Forage Insect Investigations, 
Bureau of Entomology and Plant Quarantine, were begun in 1938 
and concluded with tlie 1937 season. The results of the last three 
seasons are given here, in comparison with the first year’s results, 
already published, and include further studies of the occurrence and 
distribution of bacterial wilt, of the insect vectors of this disease, and 
of the host range of the wilt organism {Aplanobacter stcivarti (E. F. 
Smith) McC/ 

BACTERIAL WILT ON CORN 

WORK PRIOR TO 1934 

A number of investigators during the past 40 years have contributed 
to the knowdedge of seasonal development of bacterial wdlt of corn 
{Zea mays L.), but consecutive records of the amount of wilt in any one 
locality over a long period of years are very limited. Rand and 
Cash (lO) calculated total percentages of wilt for 1918-23 in relation to 
temperature and rainfall. No consecutive records of the accumulation 
and spread of wilt from 1923 to the present have been published. 
Flaenseler ^ has given a general picture of the wilt situation in New 
Jersey since 1910, and estimated percentages of wilt in different locali- 
ties are available in Government and State publications. The use of 
these figures and records in comparison with wdnter temperatures has 
led to the conclusion that there is a definite relationship between win- 
ter temperatures and wilt development.® ^ Haenseler ® reported that 
a certain time factor or lag period is involved and that after a period 
of severe wilt a single cold winter may not be sufficient to give the ex- 
pected disease control, and likewise after a period of little wilt the first 
warm winter may not be sufficient to give a wilt outbreak the follow- 
ing summer. The desirability of more definite wilt records for the 

1 Received for publication June 28, 1939. 

2 The writers are greatly indebtedtoP.N.Annand, formerly in charge of the Division of Cereal and Forage 
Insect Investigations, for suggestions and aid in the conduct of these studies; to Nancy H. Wheeler and J. 
W. Scrivener, of the same Division, for invaluable assistance with details of the experimental work; and to 
H. S. Barber, of the Division of Insect Identification, for continually aiding in identification of flea beetles. 

2 Italic numbers in parentheses refer to Literature Cited, p. 686. 

* Synonym, Phytomonas steumrti (E. F. Smith) Bergey et al. 

» Haenselek, C. M. correlation between winter temperatures and incidence of sweet corn 
WILT IN NEW JERSEY. U. S, Bur. Plant Indus., Plant Dis. Rptr. 21: 298-301. 1937. [Mimeographed.! 

^ Haenseler, C. M. See footnote 5. 

’ Stevens, N. E. btewabt’s disease in relation to winter temperature. U. S. Bur. Plant 
Indus., Plant Dis. Rptr. 18: 141-149. 1934. [Mimeographed.! 
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study of uTidorlying causes of wilt epiphytotics has been evident for 
some lime. Beginning with 1934 such records have been kept at the 
Arlington Experiment Fann, Arlington, Va. (near Washington, 
D. C.) and in several other localities for from 1- to 4-year periods. 

ARLINGTON EXPERIMENT FARM, 1934-37 

During the four seasons 1934- 37, resistant and susceptible varieties 
of sweet corn were planted at the Arlington farm a t intervals of approx- 
imately 15 days, beginning about May 1 and continuing through July 
15. Golden Cross Bantam was used as the resistant variety, and 
Golden Bantam inbreds or open -pollinated commercial varieties from 
sections where the disease does not occur, were used as the susceptible 
variety. Records were kept of the number of infected plants and 
of the degree of infection, since the latter differs greatly in resistant and 
susceptible varieties. Two records of amount of wilt in each planting 
are given here, as they are representative of the amount of wilt 
devcloi)ing in any one planting and variety. The first of these records 
shows the amount of wilt when the plants were about 10 inches high 
and the second when they were in tassel and silk. In 193G, because 
of the late development of the disease, additional records were taken 
when the ears were ready to harvest and also after harvest. These 
wilt records are given in table 1, which shows differences in amount 
of wilt in resistant and susceptilile varieties, changes in amount of 
wilt in each in successive seasons, and differences in early- and late- 
season development of wilt. 

Resistant and susceptible varieties of sweet corn differ in the 
numbers of lesions developing and in the extent and size of individual 
lesions. In a comparison of the amount of wilt in the two varieties, 
100 percent of infected plants means much more serious damage in 
susceptible than in resistant varieties. In 1934 all plants of both 
varieties became infected, but in the resistant variety most of the 
plants showed only light to moderate infection and only 1 to 8 percent 
were dead. In the susceptible variety 18 to 20 percent were heavily 
infected and an additional 19 to 44 percent were dead or dying. 
Similar differences were apparent in all 4 years. The percentages of 
heavily infected and dead plants were very low in Golden Cross 
Bantam and comparatively high in Gill Bros. Improved Golden 
Bantam. Average percentages of infected plants in all plantings are 
shown in table 2. Golden Cross Bantam showed much less infection 
in the early leaf stage, and the lesions were more limited in develop- 
ment; as a result, there was much less reduction in yield. 

Although resistant and susceptible varieties differ greatly in degree 
of infection and reduction in yield, they apparently respond alike to 
change in season, and striking differences are observed in the records 
for the four seasons. In 1934, 1935, and 1937 wilt was abundant early 
in the season, and as the season advanced, more than half of the plants 
of the susceptible variety became heavily infected or died and few 
marketable ears were harvested. In the resistant variety most plant- 
ings showed some early infection, and in 1934 and 1935 a few heavily 
infected or dead plants. In 1936 the situation was very different. 
The well-developed plots of susceptible sweet corn were in marked 
contrast to the heavily infected plots of the other three seasons. The 
striking thiiig about the wilt situation in 1936 was the small number 
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of infected plants early in the season and the abundant general infec- 
tion that developed early in August and continued through the 
remainder of the season. In 1936 infections in both resistant and 
susceptible varieties were largely confined to the leaves. Since the 
general infection came too late to interfere with the development of the 
plants, the percentage of heavily infected or dead plants for the season 
was low and there was a good crop of marketable ears even on the 
early susceptible variety. 


'^Pable 2. — Average percentages of infected plants in all plantings of two 

varieties of corn 


Variety and stage 


(loUlen (Voss Bantam: 

I iCaf stage .. 

'Passel - 

(Jill Bros. Improved Ooldcu Bantam: 

J..eaf stage 

'I’assel - . 


Plants infected in - 


1934 

1935 

1936 

1937 

Percent 

Percent 

Percent 

Percent 

B.4 

19. 1 

1.3 

50. r. 

100.0 

54.9 

41.4 

97. s 

59. 2 

69.7 

8.7 

79.8 

100. 0 

80. 5 

44.2 

99. 8 


The low wilt records (table 1) for 1936 at the Arlington Farm were 
even more apparent in other sweet corn plantings. In a series of 
plots of Top Cross Spanish Gold and Golden Early Market, planteHl 
May 22, the results were as shown in table 3. 


Table 3.- Wilt infection in plots of 'Top Cross Spanish Gold and Golden Ea/ig 
Market Sweet Corn at the Arlington Experitnent Farm, Arlington, Va., 


Variety 


Top Cross Span- 
ish Gold 


Golden Early 
Market- 


(Planted May 22] 


Plot 

No. 

Date of 
record 

(Condition 

Rows 

Plants 

Total 

In- 

fected 

Showing indicated degree 
of infection 

Light 

Mod- 

erate 

Heavy 

Dead 




JVo. 

No. 

Pet. 

Pet. 

Pet. 

Pel. 

Pei. 


June 29 

10 inches.- 

5 

89 

0.0 

0.0 

0.0 

0,0 

0.0 

pi. 

July 15 

Tassel 

5 

81 

.0 

.0 

.0 

.0 

.0 


Aug. 0 

Silk .... 

5 

74 

67.6 

60.8 

6.8 

.0 

.0 


Juno 29 

10 inches. 

5 

63 

.0 

.0 

.0 

.0 

.0 

306 . 

July 15 

Tassel 

5 

61 

.0 

.0 

.0 

.0 

.0 


Aug. 6 

Silk 

5 

60 

50. 0 

43. 3 

6.7 

.0 

.0 


June 29 

10 inches.. 

5 

4 / 

.0 

.0 

.0 

.0 

.0 

312.. 

July 16 

Taasel 

5 

74 

.0 

.0 

.0 

.0 

.0 


Aug. 6 

Silk — . 

5 

73 

21.9 

19.2 

2.7 

.0 

.0 


June 29 

10 inches. - 

5 i 

(i5 

.0 

.0 

.0 

.0 

.0 

315 

July 15 

Tassel 

5 

62 

.0 

.0 

. 0 

.0 

.0 


Aug. 6 

Silk 

5 

62 

45. 2 

38.7 

6.5 

.0 

.0 

5 rows 132 

June 29 

12 inches, - 

5 

308 

.0 

.0 

.0 

.0 

.0 

feet 

July 15 

Tassel 

5 

305 1 

3.6 

3.0 

.7 

.0 

.0 


Aug. 11 

Silk 

5 

302 

88.4 

60.9 

27.2 

.3 

.0 


June 29 

10 inches.. 

5 

78 

.0 

.0 

.0 

.0 

,0 

/303 

July 16 

Tassel 

5 

76 

7.9 

7.9 

.0 

.0 

.0 


Aug. 6 

Silk-. .... 

5 

66 

48.5 

31.8 

13.6 

1.5 

1.5 


June 29 

10 inches. . 

5 

81 

.0 

.0 

.0 

I 

.0 

305. 

July 15 

Tassel 

5 

78 

6.4 

5.1 

1.3 

.0 

.0 


Aug. 6 

Silk 

5 

73 

83.6 

42.5 

30.1 

8.2 

2.7 


Juno 29 

10 inches.. 

5 

108 

.0 

.0 

.0 

.0 ; 

.0 

<310 

July 15 

Tassel 

5 

108 

2.8 

1.9 

1 .0 

.0 

.9 


Aug. 6 

Silk. 

6 

103 

29.1 

20.4 

8.7 

.0 

.0 


June 29 

10 inches.. 

5 

93 

.0 

.0 

.0 

.0 

.0 

316 

■ July 16 

Tassel 

5 

92 

2.2 

2.2 

.0 

.0 

.0 


Aug. 6 

Silk 

6 

90 

28.9 

24.4 

4.4 ! 

.0 

.0 

5 rows 132 

June 29 

10 inches.. 

5 

384 

1.0 

.3 

.3 

.3 

.3 

feet 

■ July 16 

Tassel 

5 

380 

11.6 

8.4 

1.8 

.8 

.5 


Aug. 11 

Silk 

5 

372 

68.6 

42.7 

20.7 

.o| 

5.1 
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There were four small plots of five rows each of Top Cross Spanish 
(iold and Golden Early Market adjacent to tlie plantings referred to 
in table 1. In addition, five 132-foot rows of each of these varieties 
were planted on another section of the Arlington farm, several hundred 
yards from the small plots and across a narrow roadway from plots of 
small grain. Top Cross Spanish Gold is more resistant than Golden 
Early Market. No evidence of wilt infection was found in the small 
plots of either variety until after the first of July. A few light infec- 
tions were found in Golden Early Market the middle of July. By the 
first week in August both varieties showed from about 22 to 88 pendent 
of infected plants. An interesting fact shown in table 3 is that in 
both varieties wilt developed earlier and was more severe in the five 
132-foot rows than in the smaller plots. 

Table 4 shows the percentages of infected plants in 10 open-polli- 
nated varieties of sweet corn at the Arlington farm in 1936. Up to 
the first of July little or no infection appeared on these plants. About 
half of the plants of each variety were inoculated the first week in 
Juljr. There were, therefore, two sets of infected plants — those in 
which the disease was due to natural infection and those in which it 
was due to inoculation. It is apparent from the data that there was 
little or no natural infection early in the season. It is also apparent 
that abundant infection developed in inoculated plants. The season 
was therefore favorable for each type of infection but the disease failed 
to develop naturally, evidently because inoculum was wanting. The 
data in table 4 show also that as the season advanced natural infection 
became mucJi more abundant, in some cases as abundant as infection 
on inoculated plants. There were very few corn flea beetles {Chaetoc- 
nema pulicaria Melsh.) early in the season, but the number increased 
as the season advanced. The abundance of wilt and the abundance of 
adults of C, pulicaria were apparently closely correlated on the 
Arlington farm in 1936. 

Wilt records at the Arlington farm showed a definite relation of wilt to 
winter temperatures. In figure 1 are given the mean and mean 
normal and the minimum and mean minimum temperatures for the 
winter months December, January, and February, for 1925-37, in 
Washington, D. C. The mean temperatures for the earlier yearn are 
given merely to show the succession of above-normal winters leading 
up to the unusually mild winters of 1931-32 and 1932-33. The winters 
of 1933-34 and 1934-35 were similar to each other. In 1933-34 the 
average winter temperature was slightly below normal but well above 
32° F. Minimum temperatures for the 3 months were 8°, 8°, and 
—6°, respectively, making the average for February 24.6°, or 10° 
below nonnal. In 1934-35 the average was slightly above normal, 
with minimum temperatures of 17°, —2°, and 6°. In 1935-36 the 
winter was much colder, the average temperature being slightly 
below 32°. Although the minuna of 4°, 0°, and 3° did not quite 
equal the lowest temperature in each of the preceding years, the 
average was lower. In 1936-37 the winter was much warmer than 
normal, the average being above 40° with minima for the 3 months of 
14°, 29°, and 20°, respectively, and almost as high an average as for 
the winter of 1932-33. 
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Table 4. — Percentages of infected plants in open-pollinated varieties of sweet corn 
at the Arlington Experiment Farm, Arlington, Vn., WS6 
[Planlod May 22] 






Plants 

Sweet corn vurieties 

Date of 
rec3f)rd 

Condition 




Showing indicated de- 
gree of infection 





Total 

Infectwi 












a 

fj 

c 

(1 





i 

No. 

No. 

Penenl 

No. 

No. 

No. 

No. 


fJuly 

G 

About 10 inche.s .. 

42 

1 

2. 380 

0 i 

1 

0 

0 

(h)Idcn TiiintMin 

[July 

14 

Tassel 

/ ' 23 
\ 2 19 

10 

0 

G9, 5G5 
. 00 

7 

G 

9 

0 

0 

0 

0 

0 


Iaur. 

5 

Harvest.. . 

r 1 23 
\ 2 19 
23 

23 

12 

100. 00 
G3. 157 

3 

10 

12 

1 

8 

1 

0 

0 


July 

G 

10 inches 

0 

.00 

0 

0 

0 

0 

Early Crosby 

July 

14 

Tas.sel- . .. 

r >12 

1 2J1 

10 

0 

83. 33 
.00 

0 

(V 

0 

Q 


Aug. 

6 

Harvest 

f > 12 
\ 2 11 

12 

9 

100. (M) 
81.81 

0 

8 

2 

1 

3 

0 

7 

0 


July 

G 

About lOinches 

25 

0 

.00 

0 

0 

0 

0 

Black Mexican 

July 

14 

Tas.sel . 

f 1 12 

1 2 13 

G 

0 

.50. 00 
.00 

2 

0 

’ 0 

0 

6 


Aug. 

6 

Harve.st 

( 1 11 
\ 2 13 

11 

9 

100. 00 
G9.231 i 

2 

9 

0 

0 

0 

0 

0 

0 


(July 

G 

About 10 inches. - . 

22 

0 

.(M) 1 

0 

0 

0 

0 

S[)Hriish ( lold 

Jjnly 

14 

Ta.s.sel 

f > 11 

t 211 

4 

0 

30. 3(i 1 
.00 1 

0 

6 

0 

- - 


lAiig. 


Mature 

r > u 
12 11 

11 

10 

100. 00 
90. 90 

1 

1 

3 

5 

0 

4 

0 


July 

G 

8 inches . 

8 

0 

.00 

0 

0 

0 

0 

While ('ob C’ory .. 

July 


lOinches ... 

I 

3 

0 

100. 00 
.IK) 

3 

0 

0 

0 

0 

1 

0 

0 


Aug. 

*'» 

Tassel to silk" .... 

{ 5:^ 

3 

5 

100. IK) 
100. (K) 

0 

5 

0 

0 

3 

0 

0 

0 


(July 

Jjuly 

G ‘ 

lOinches.. 

41 

0 

i .(K) 

0 

0 

9 ! 

0 


14 

Tassel. 

/ > 21 

15 

71.428 





(loldcn Sunshine 

1 2 20 

0 

. 00 

'■■■ o' 

0 

”6* 

0 


Iaur. 

r> 

Harvest... 

f ‘21 
\ 2 20 

21 

20 

UK). 00 
100.00 


... 

9 

8 


(July 

jjuiy 

G 

10 inches 

48 

2 

4. IGG 

0 

2 

0 

0 

WhippUi’iS YcJlow 

14 

Tassel 

f ‘ 25 

1 2 23 

19 

1 

70. (K) 

4. 347 

0 

0 

19 

1 

0 

0 

0 

0 

1 

0 


lAug. 

5 

Ifarvost 

f 1 25 
t 2 23 

23 

11 

92. 00 
47.82G 

1 

10 

17 

1 

4 

0 

Bantam EvorRreen 

(July 

July 

G 

14 

10 inches 

Tassel 

2G 
f ‘ 12 
t 2 14 

0 

10 

1 

.00 
83. 33 
7.142 

0 

0 

0 

0 

10 

1 

0 

0 

0 

0 

0 

0 


lAug. 

5 

Silk... 

f ‘ 12 

1 2 14 

11 

10 

91. GGG 
71.429 

2 

10 

0 

2 

0 

0 




0 


July 

G 

About 10 inches. - 

41 

0 

.00 

0 

0 

0 

0 

Stowell Evergreen 

July 

14 

About 20 iuclies 

f ‘17 

1 3 16 

11 

0 

64. 705 
.00 

n 

0 

0 

0 

0 

« 

0 

0 


Aug. 


Tassel and silk 

f 1 17 
\ 2 1G 

12 

3 

70. 588 
18. 75 

2 

3 

10 

0 

0 ! 
0 

0 

0 


July 

6 

lOinches 

31 

0 

.00 

0 

0 

0 

0 

Country Gentleman.. 

July 

14 

16 inches . 

f ‘ 17 

\ 2 14 

5 

0 

29.411 

.00 

5 

0 

0 

0 

0 

0 

0 

0 

Aug. 

.'i 

Silk.. 

/ ‘ IG 

1 2 13 

11 

2 

GS. 75 
15.385 

G 

2 

5 

0 

0 

0 

0 

0 


J riants inoculated July 0 to July 9 with Aplanofmcter stewarti, 30-16-49. 
* Not inoculated. 


Unfortunately, there are no wilt records for the epiphytotic year of 
1933 for comparison with succeeding years and therefore no way of 
demonstrating that average percentages of iiife(*tion were lower in 
1934, although, from field observations, this was undoubtedly the 
case. The average winter temperature for 1934-35 was slightly 
above that for the pretjeding year, the averages for December and 
February being slightly above and for January slightly below normal. 
In Golden Cross Bantam early infection in the first planting was less 
in 1935 than in 1934, but the records for the susceptible vanety show 
more early infection. The average percentages for the 2 years indicate 
less wilt in 1935 than in 1934. But the very decided decrease in wilt 
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came in 1936, following the consistoitlj^ low temperatures of the 
winter months; and wilt was abundant again early and throughout the 
season in 1937, following the warm winter of 1936- 37. Wilt at tlie 
Arlington farm has followed closely these clianges in winter tempera- 
ture. 

Because of the small size of the corn flea beetle, its extreme activeness, 
and other habits that are influenced directly by weather conditions 
and other factors, no practuaible method of determining exact popula- 
tions of this insect has been developed. However, field collections and 
observations on number of beetles and number of feeding injuries on 
corn leaves at the Arlington farm during 1934, 1935, and 1937 have 
shown that these beetles were much more abundant on young corn 
early in the season of these years than in 1936, when it was difficult 
at times to colle(‘>t enough beetles for experimental purposes. At the 
same time there was little spread of the disease from the primary 
infections early in 1936. As the season advanced the adults of 
Chaetocnema pulicaria increased in number until August when they 
were fairly abundant on corn. 

In 1937, corn flea beetles were agabi abundant early in the season. 
Factors not yet well understood are undoubtedly important in influenc- 
ing winter survival of this insect. With few beetles to spread the 
[)riniary infections in the spring and early summer, early infection 
appears to be reduced. 

With a warm winter such as that of 1936-37 at Washington, D. (\, 
following the late-season increase in mimber of beetles and general 
late-season infection on the corn plants in 1936, any retarding effect 
of one cold winter upon the early development of wilt the second sea- 
son, which Ilaenseler® has called a ^Mag^^ period, would not be ap- 
parent. In colder sections, where beetles may be less abundant and 
infection of corn plants less general, the retarding effect of a single 
cold winter probably would be more apparent. 

In the plantings of Top Cross Spanish Gold and Golden Early 
Market it was noted that, in both varieties, wilt developed earlier 
and was more severe in the five long rows than in the smaller plots. 
Chaetocnema pulicaria appeared to be more abundant on these long 
rows than on other com plots on the Arlington farm and probably 
moved onto these com rows early in July from the small-grairi plots 
located across a narrow roadway. 

OTHER LOCALITIES, 1936' 37 » 

Records have been made of the development of bacterial wilt in 
plantings at Ithaca, N. Y., in 1935, at Yonkers, N. Y., in 1935, 1936. 
and 1937, and at La Fayette, Ind., Toledo, Ohio, Geneva, N. Y., ana 
Hempstead, Long Island, N. Y., in 1936 and 1937, and from these 
plantings field collections of possible insect vectors were made during 
the growing season. The wilt records from these stations are given 
in table 5. 

* See footnote 5. 

® The writers are indebted to the following persons for aid in this work: To Q. M . Smith, of the Bureau of 
Plant Industry, for taking records on the disease at La Fayette, Ind., and at Toledo, Ohio; to E. V. Walter, 
of theBureauufEntomology and Plant Quarantine,for collections of insectsfrom Indiana; to Ralph Mathes, 
of the same Bureau, for the collections of insects from Toledo; to W. A. Baker, of the same Bureau for mainte- 
nance of the sweet-corn plots at Toledo; to B. L. Richards, of the N assail County Farm Bureau, for assistance 
with the field plots and for making most of the collections of insects on Long Island; and to H. O. Walker 
and L. D. Anderson, of the Virginia Truck Experiment Station, for most of the insect collections obtained 
from Norfolk, Va. 
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Table 5. — Percentages of infected plants in plantings of resistant and susceptible 
sweet corn varieties at. various localities 
OKNKVA, N. Y. 




1035 

1 









1 


May 26 

Juno 20 

10 inches - 

3 

214 

0 

0.0 

0.0 

0. 0 

0.0 

0. 0 



Any. 15 

Silk-— 

3 

252 

5 

2. 0 

.8 

1.2 

.0 

.0 

Oolden Cross Bantam 

June 6 

Juno 29 

6 inches 

3 

250 

0 

.0. 

.0 1 

.0 

■ 0 

.0 



Aus:. 15 

Silk 

.3 

25i 

3 

1.2 

1.2 I 

.0 

.0 

.0 


Juno 20 

-do 

Tassel 

3 

238 

1 

.4 

.4 

.0 

.0 

.0 


Uime 28 

..--do 

3feet. 

3 i 

24() 

0 

.0 

.0 

.0 

.0 

.0 


May 26 

Juno 29 

S inches - 

3 

130 

0 

.0 

.0 

.0 

.0 

.0 



Auy. 15 

Silk 

3 

198 

0 

3. 0 

2.0 

1.0 

.0 

.0 

Gill Bros. Improved 

June 6 

June 29 

4 inches 

3 


0 

.0 

.0 

.0 

.0 

.0 

’Golden Bantam 


Auy. 15 

Silk--- 

3 

192 

7 

3.6 

1.0 

2.6 

.0 

.0 


fune 20 

-do 

i Tassel 

3 

112 

2 

1.8 

.9 

.0 

.0 

.0 


luiie 28 

.. -do.- 

.-do 

3 

1 120 

3 

. 5 

2.0 

2.5 

.0 

.0 

Golden Bantam 

0) 

June 29 

---do- 

3 

100 

0 

.0 

.0 

.0 

.0 

.0 


YONKERS, N. Y. 



1935 
May 15 

Juno 28 

10 inches 

3 

131 

0 

0. 0 

0.0 

0.0 

0.0 

0. 0 



Auy. 19 

Harvest 

3 

277 

0 

.0 

.0 

.0 

.0 

.0 


, May 31 

June 28 

8 inches 

3 

233 

1 

.4 

.0 

.0 

.0 

.4 

Oolden Cro.ss Bantam. 

Aug. 19 
June 28 

Silk 

3 

290 

0 

.0 

.0 

.0 

.0 

.0 

June 15 

4 inches 

3 

0 

.0 

.0 

.0 

.0 

.0 



Aug. 19 

Silk 

3 

172 

2 

1.2 

1.2 

.0 

.0 

.0 


July 1 

-do-. . 

Tassel 

3 

314 

0 

.0 

.0 

.0 

.0 

.0 


May 15 

June 28 

10 inches 

3 

136 

2 

1.5 

.0 

.7 

.7 

.0 


Aug. 19 
June 28 

Ta.ssel . -- - 

3 

191 

17 

8.9 

1.6 

1.2 

,0 

3. 1 

Gill Bros. Improved 

May 31 

6 inches 

3 

257 

3 

1.2 

1.2 

.0 

.0 

.0 

Golden Bantam . , 

Aug. 19 
■Tiinp 28 

Roasting car . 

3 

257 

11 

4.3 

1.2 

.4 

.0 

2.7 

June 15 


Aug. 19 

Rilk 

3 

141 

1 

.7 

.0 

.0 

.0 

. 7 


July 1 

' (') 

_do 

Tassel 

3 

240 

2 

.8 

.4 

.0 

.4 

.0 


Juno 28 

20 inches 

6 

6IG 

11 

1.8 

.3 

.3 

.5 

.6 


Aug. 19 

14 inches 

3 

333 

30 

9.0 

.0 

.9 

3.3 

4.8 


1930 

(') 

in Inches 

6 

7(K) 

0 

.0 

.0 

.0 

.0 

.0 

Juno 17 

Golden Bantam. 

Aug. 13 

Silk 

6 

700 

20 

3.7 

3.4 

.0 

.3 

.0 


1937 





May 18 

Jane 25 

12 inches 

1 

246 

12 

4.9 

.4 

2.4 

1.2 

.8 


June 2 

Aug. 27 

Harvest 

1 

113 

112 

99. 1 

.0 

67.3 

10.8 

15.0 


June 17 

-.do 

Silk -- 

1 

166 

165 

99.4 

5.4 

80.1 

9.0 

4.8 


t Planted in home garden but date not known. 



May 16 , 1940 Seasonal Develojmeni of Bacterial Wilt of Sweet Corn 657 


Table 5.- -Percentages of infected plants in plantings of resistant and susceptible 
sweet corn varieties at various localities — Continued 
HEMPSTEAD. LONG ISLAND, N. Y. 


Variety 


Ooldoii Cross Jlaiitarn 


dill Bros. linprnvcMl 
(lulclon Bantam 


Plants 


Showinp iiidicateil 


Date 

plaiilctl 

Date of 
record 

Condi! ion 
on date 





deprec of infection 

of record 














'I'ofal 

Infected 


1 







0 

« 




Light 

1 

k 

fl3 

O' 

M 

T3 

00 

a> 

Q 

ir,m 




No. 

No. 

A'O. 

Pet. 

Pcf. 

Pet. 

Pet. 

Pet. 

May 17 

.Mine 

17 

10 inches .. 

1 

71 

0 

0.0 

0.0 

0. 0 

0.0 

0.0 

.hily 

9 

9’ass<*L_. 

1 

71 

2 

2.8 

.0 

.0 

2.8 

.0 


Aiifr. 

13 

Silk 

1 

08 

(58 

100.0 

79.4 

10. 2 

4.4 

.0 

.hi no 1 

.fuly 

9 

Tas.scl 

1 

71 

0 

.0 

.0 

.0 

.0 

.0 


A mr. 

13 

Harvest- . 

1 

73 

72 

98. 0 

80. 3 

0.8 

5. .6 

.0 

.Tunc 10 

do 

.... 

'^I'as.scl 

1 

7.6 

157 

89. 3 

08.0 

10.0 

6.3 

.0 

1937 

May l.'l 

June 

2.6 

10 in(;hes 

1 

97 

7 

7.2 

.0 

1.0 

6.2 

.0 

•Tunc 1 

do 


0 inches 

1 

101 

0 

.0 

.0 

.0 

.0 

.0 

.hi no 16 

. do 


.3 inches 


91 

0 

.0 

.0 

. 0 

.0 

.0 


Aiifr. 

27 

Mature .. 

1 

ill 

91 1 

100. 0 

72. .6 

27. .6 

.0 

.0 

’ fn3(! 











May 1:1 

.Turn' 

17 

12 inches 


82 

2 

2.4 

.0 

1. 2 

1.2 

.0 

-Tilly 

9 

Tassel .. 

1 

79 

13 ! 

1 6. .6 

2. .6 

2. .6 

8.9 

2. .6 


All?. 

13 

Mature 

1 

79 

09 

87.3 

20. 0 

30.7 

3.8 

20. 3 

.tunc 1 

.Tilly 

9 

Tassel 

1 

80 

10 

12. .6 

1.3 

.6. 0 

,6. 0 

1.3 


Amr. 

13 

Harvest 

1 

74 

74 

KMl. 0 

39. 2 

30. .6 

1 7. (5 

0.8 

.liino 1(5 

do. 


Silk 

1 

73 

71 

97.3 

03.0 

19.2 

11.0 

4. 1 

1937 












May 16 
.lime 1 

June 

2.6 

8 inches 

t 

104 

9 

8.7 

1.1 

.0 

.0 

3.8 

4.8 

do. 

.6 inches 

92 

1 

.0 

1. 1 

.0 

.0 

Uuly 1 

Auk. 

27 

Alature 

1 

8.3 

83 

100. 0 

0. 0 

32. .6 

.63. 0 

8.4 


TOLEDO, OHIO 2 


Golden Cross Bantam.i 


Gill Bros. Improved 
Golden Bantam 


nm 




May 1.6 

Aup. 1 


1 

June 1 

. do ... 


1 

June 1.6 

do— 


1 

1937 




May 15 

June 2.6 
July 20 
Aup. 13 


1 

1 

1 

Juno 1 

June 25 
July 20 
Aup. 13 


1 

1 

1 

June 15 

July 20 
Alip. 13 
Sept. 4 

. . , 

1 

3 

1 

July 1 

Julv 20 
Aup. 13 
Sept. 4 


1 

1 

1 

1936 




May 15 
June 1 

Aup. 1 

(in 


1 

j 

June 15 

.._do 


1 

1937 




May 15 

June 25 
July 20 
Aug. 13 


1 

1 

1 

June 1 

June 25 
July 20 
Aug. 13 


1 

! 1 

1 

June 15 

July 20 
Aug. 13 

.... 

1 

1 

July 1 

Sept. 4 

1 July 20 
Aug. 13 
Sept. 4 


1 

1 

1 

1 


22.6 

3 

1.3 





240 

1 

.4 





316 

0 

.0 





187 

0 

.0 

0.0 

0. 0 

0.0 

0.0 

187 

0 

.0 

.0 

.0 

.0 

.0 

187 

0 ! 

.0 1 

.0 

.0 

.0 

.0 

220 

0 1 

.0 1 

.0 

.0 

.0 

.0 

220 

0 1 

.0 

.0 

.0 

.0 

.0 

220 

0 

.0 

.0 

.0 

.0 

.0 

215 

0 

.0 

.0 

.0 

.0 

.0 

21.6 

2 

.9 

.9 

.0 

.0 

.0 

21.6 

31 

14.4 

11.6 

.0 

1.9 

.9 

183 

0 

.0 

.0 

.0 

.0 

.0 

183 

4 

2.2 

.5 

.0 

.5 

1. 1 

183 

13 

7.1 

4.4 

.0 

2. 7 

.0 

2150 

1 

.4 





299 

2 

.7 





311 

0 

.0 





148 

I 

.0 

.0 

.0 

.0 

.0 

148 

1 

.7 

.0 

.0 

.0 

.7 

148 

12 

8. 1 

.7 

.0 

2.0 

5.4 

108 

0 

.0 

.0 

.0 

.0 

.0 

168 

0 

.0 

.0 

.0 

.0 

.0 

168 

2 

1.2 

.0 

.0 

.6 

.6 

177 

0 

.0 

.0 

.0 

.0 

.0 

177 

5 

2.8 

2.8 

.0 

.0 

.0 

177 

177 

100.0 

65.5 

.0 

16.9 

17.5 

193 

0 

.0 

.0 

.0 

,0 

.0 

193 

19 

9.8 

.6 

.0 

2.1 

7.3 

193 

159 

82.4 

38.9 

.0 

30.1 

13.5 


2 Notes taken by Glenn M. Smith. 
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Table b. -Percentages of infected plants in plantings of resistant and susceplihle 
sweet corn varieties at various localities — Continued 
LA FAYETTE, IND.* 







l*lants 









Showing indicjated 

Variety 

Date 

r»lMnted 

Date of 
record 

('oiidition 
on date 





degree of infection 

of r<‘eord 














^rotai 

Infected 


Of 











Ja 

bo 

£ 

0) 

•S 

ee 

% 











m 

P 


im 



No. 

No. 

No. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 


[Mav !.'> 

July 31 


1 

201 

0 

0.0 






June 1 

do 


1 

215 

0 

.0 







..do—. 


1 

190 

0 

.0 






im 







May l.'i 

June 20 


1 

217 

0 

.0 

0.0 

0.0 

0.0 

0.0 


July 21 
Auk . 14 
June 20 


1 

217 

0 

.0 

.0 

.0 

.0 

.0 




1 

217 

0 

0 

.0 

.0 

.0 

.0 

Golden Cross Bantam. 

<Jun(i 1 


1 

207 

0 

.0 

.0 

.0 

.0 

.0 



July 21 


1 

207 

0 

.0 

.0 

.0 

.0 

.0 



Auk. 14 


1 

207 

0 

.0 

.0 

.0 

.0 

.0 


June 15 

July 21 
Aug. 14 


1 

241 

0 

.0 

.0 

.0 

.0 

.0 



1 

241 

0 

.0 

.0 

.0 

.0 

.0 



Sept. 5 


1 

241 

7 

2.9 

1.7 

.0 

1.2 

.0 


June 30 

July 21 


1 

203 

0 

.0 

.0 

,0 

.0 

.0 



Aug. 14 


I 

203 

5 

2.5 

1.5 

.0 

. 5 

.5 



Sept. 5 

- -- 

1 

203 

10 

4.9 

2.5 

.0 

2.0 

. 5 


im 

May 15 

July 31 



195 

0 

.0 






June 1 

do 



190 

0 

.0 






June J.5 

do .. 




210 

0 

.0 






im 












May 15 

June 20 


1 

179 

0 

.0 

.0 

.0 

.0 

.0 


July 21 



1 

179 

0 

.0 

.0 

.0 

.0 

.0 

Gill Bros. Improvod 


Aug. 14 

. 

1 

179 

0 

.0 

.0 

.0 

.0 

.0 

Golden Bantam ...... 

“ June. 1 

June 20 


1 

223 

0 

.0 

.0 

.0 

.0 

.0 


July 21 
Aug, 14 


1 

223 

0 

.0 

.0 

.0 

.0 

.0 




1 

223 

0 

.0 

.0 

.0 

.0 

.0 


June 15 

July 21 


1 

211 

0 

.0 

.0 

.0 

.0 

.0 



Auk . 14 
Sept. 5 


1 

1 

211 

0 

.0 

.0 
35. 5 

.0 

.0 

.0 




211 

117 

55. 5 

.0 

11.4 

8. 5 


June 30 

July 21 
Aug. 14 


1 

171 

0 

.0 

.0 

.0 

.0 

.0 



1 

171 

10 

.5.8 

.0 

.0 

.6 

4. 7 



Sept. 5 


1 

171 

103 

95. 3 

48.5 

.0 

35. 1 

11.7 


2 Note’s taken by (Jlenii M, Smith. 

At Geneva, N. Y., the northernmost station, not a single wilt lesion 
was found in 1936 in either variety up to August 14, vrhen the plants 
were tasseling and the last record was taken. Also, no wilt lesions 
were found in the station variety plots. In 1937, 7 percent of the 
[)lants of the resistant variety were infected and almost 11 percent of 
the susceptible variety. 

At Ithaca, a little farther south, records are available only for 1935, 
when leaf lesions occurred on 2 percent or less of the resistant variety 
and on not more than 4 percent of the plants of the susceptible variety. 

At Yonkers, which is in the southeastern part of New York, still 
farther south than Ithaca, field plots of Golden Cross and Gill Bros. 
Improved Golden Bantam were planted at Boyce Thompson Institute 
only in 1935. In 1936 and 1937 wilt records from the same garden 
were made from plantings of commercial Golden Bantam. In 1935 
only 1 percent of wilted plants occurred in the resistant Golden Cross 
and 9 percent in the susceptible Gill Bros. Improved Golden Bantam. 
But infection apparently took place early enough to kill a large part 
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of the infected plants. In 1936 no wilt was found on June 17 on 700 
Golden Bantam plants. On August 13, when the plants were in silk, 
26, or 4 percent, were infected. Two of these plants showed heavy 
infection, and 24 light or recent infection. In 1937 wilt was much 
more abundant. Five percent of the plants were infected early in 
their growth, and 99 percent when mature or in silk, 17 percent being 
lieavily infected and 15 percent dead. 

Wilt conditions on Long Island in 1936 were similar to those at the 
Arlington farm in seasonal development and amount of wilt. There 
was little wilt early in the season but abundant wilt by the middle of 
August and relatively few plants heavily infected or dead. Wilt 
records for 1937 arc incomplete, but they show more early infection 
than in 1936. 

At Toledo, Ohio, only late records are available for 1936, and these 
show h'ss than 2 percent of infected plants. In 1937 no wilt was 
found on Golden Cross Bantam before the middle of August and only 
trace's in Gill Bros. Improved Golden Bantam, but by the^ first of 
September, wilt had become general on the latter variety. 

Although no wilt was found on the plots at La Fayette, Ind., in 
1936, 0.2 and 0.25 percent of infected plants in two inbred lines, June 
29, and 0.066 percent of infected plants in a field of 30,000 plants of 
susceptible varieties, wwe reported for the same locality in 1936.^*’ 
In the same publication anotlier observer reported 1 to 2 percent of 
infected plants, June 10, in open-pollinated Golden Bantam, about 25 
miles south of La Fayette, and 10 percent, about 90 miles south, on 
June' 1 3. These figures are cited to show^ that wilt was present in small 
amounts in th(' vicinity of La Fayette in 1936, although it did not 
appear in the small experimental plantings. No wilt was observed 
in La Fayette early in 1937, but by September over 50 and 90 percent 
of two plantings were infected and nearly half of the plants were heav- 
ily infected or dead. 

Mean winter timperatures and minimum temperatures for 1925-37 
are given in figure 2 for the above mentioned stations or for the nearest 
weather stations. 

Mean temperatures for Geneva, N. Y., show most winter tempera- 
tures well below 32° F. with minimum temperatures usually well 
below 0° and as low as —31°. At Geneva no wilt or only traces oc- 
curred in most years. In 1936, when mean winter temperatures were 
below 32° and when no wilt was found, no specimens of Chaetocnema 
pulicaria were collected in three attempts, weather conditions at this 
time not being the most favorable for collecting this species. How- 
ever, evidence of feeding by adult C. pulicaria was observed at Geneva, 
August 25, showing that there were a few beetles in that locality late 
in the season. In 1937, when mean winter temperatures were well 
above 32° and when as many as 10 percent of the plants were infected 
with wilt, 57 specimens of C. pulicaria were collected August 18, and 
10 of these, or 17.5 percent, were found to be infested with Aplanobacter 
stewarti. 

At Toledo, Ohio, mean winter temperatures were somewhat higher 
than at Geneva, but still were well below 32° F., with minimum tem- 
peratures usually well below 0°, in most years. At Toledo, in 1936, 
only an occasional specimen of Chaetocnema pulicaria was collected up 

>0 United States Bureau of Plant Industry, racterial wilt of corn in 1930. TJ. S. Bur. Plant 
Indus.. Plant. Dis. Hptr. 20: 262. 1036. [Mimeofnaphed.] 
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to the last of July. From that time on, several hundred beetles were 
collected and sent in for isolation tests, but not an infested beetle was 
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Figure 2. — Temperatures for December, January, and February, 1925-37, at 
Geneva, N. Y., New York, N. Y., Toledo, Ohio, and La Fayette, liid.: 
Mean temperatures; B, minimum temperatures. 

found. It will be recalled that less than 2 percent of infected plants 
were recorded for Toledo in 1936. In 1936-37 at Toledo, mean winter 
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temperatures were well above normal and just a little below 32®, and 
the minimum for all three winter months was 7®. Larger numbers of 
C. pulicaria were collected in June and July as well as later in the sea- 
son. Only about 1 percent were infested in June and July, but 50 
percent were infested the middle of August. 

At La Fayette, mean winter temperatures were near 32® F., but 
minimum temperatures were often well below 0®. In 1935-36 tem- 
peratures went much lower, with an average be>le)w 24® and a minimum 
of —20®. No wilt was found in the field plots in July of 1936. A few 
beetle>s were collecteel the middle of the season (74 on June 23) but 
none was infested. Fairly large numbers were collected as the season 
advanced, and the percentage infe^sted also increased. In 1936-37 
winter temperatures were well above normal and a little above 32®, 
with a minimum of —1®. No wilt was recorded during June and July 
of 1937, but in Sei)tember it became general on susceptible sweet corn. 
Fairly large numbers of Ohaetocnema jmlicaria were c*ollected through- 
out the s(‘ason. Percentages infested were' low early in the season and 
increased as the season advanced. 

On Long Island and in Yonkers, N. Y., where* mean winter tempera- 
tures and minimum tempe'rature'S are higher than at Ge*neva, wilt is 
more abundant. 

It is appare*nt from these data that the numbers of wilt-infecteel 
plants are close'ly assoe'iated with winter temperature's. In sections 
where mean winter temperatures are well below 32® F., fe'we'r corn 
lle'a be*e'tle‘s appare'ntly survives than where nieMin winter temperatures 
are well above 32®. It is also e'Vident at the Arlington farm that the 
be'e'tles may incre'ase gre'atly in number during a growing season and 
so probably be'come a source* of infection for the following year if 
enough of them survive until the corn crop elevelops. Factors not 
(*learly unele*rstooel may in some se*asons prevent midsummer increase 
in the* severity of wilt, cveui in the presence of an abundance e)f beetle's. 

INSECT VECTORS OF APLANOBACTER STEWARTI 

The work em insee’t vectors was cemtiniuHl along lines previously 
reported for 1934 (9), and methoels alreaely elescribeel were fe)lloweel. 
For the most part , insects that feeel e)n e*orn uneler fu'lel e'euulitions were 
e'ollected freun varie)us localities, elisinfecteel extenuilly, miel e'rushed 
in broth from which dilution plates were poureel te) eleterinine which 
specie^s ajiel what pre)portion e)f the inelivieluais of eaedi species were 
e*arrying Aplanohacier stewarti intenially. Most e)f the isolations 
from Chaetocneina pulicaria were made from inelivielual insects. 
Isolations frenn othe*r specie^s were made from broth suspensions of 
from 1 to as many as 1'23 specimens. During 1934, isolations for 
A. stevmrti were made from 7,331 insects representing 37 species 
belonging to 32 genera; in 1935, from 9,390 insects representing 57 
species belonging to 48 genera; in 1936, from 5,696 insects representing 
60 species belonging to 49 genera; and in 1937, from 6,352 insects 
representing 29 species belonging to 24 genera, making for the 4 years 
a total of 28,769 insects from 94 species belonging to 76 genera. 
Twenty-seven additional species not previously used were tested for 
the wilt organism in 1935, 23 in 1936, and 7 in 1937. In many in- 
stances, the number of isolations from a single species was small 
because few individuals belonging to the species were collected from 
com. In 1937 isolations were made from a few species that were 

241204—40 2 
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collected only from hibernating quarters near infected conifields of 
the previous year, because of the possibility of their harboring the 
organism over winter. The results of the isolations made during the 
period 1934-37 are summarized in table 6, in which 94 species belong- 
ing to 76 genera, involving a total of 28,769 specimens, are tabulated. 
A. stewarti was obtained from 27 percent of the C, pulicaria in 1934, 
from 22 percent in 1935, from 20 percent in 1936, and from 30 percent 
in 1937; and from 7 percent of the C. denticulata in 1934, from 4 
percent in 1935, from 2 percent in 1936, and from 4 percent in 1937. 


Table 6 .— - of insects' collected in the field in 193/r and tested for 

Aplanobacter stewarli 

INSECTS FROM AVUTCH A. STEWAUTl WAS ISOLATED 
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1 

55 

5 

1 

1.8 

(A.ShlTl.).2 

1 1935 

'M) 1 

2 

i 

4 

0 

0 

.0 

Sfirellus hi color 

Ticafhopper 
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4 

1 
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3 
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0 

.0 
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Black-facod leafhopper. 
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88 

1 

1 

2 
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1 

5 
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Thysanoptera: 


(19.34 

66 

2 
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9 

1 
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ii ! 

70 
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1 

10 


1 Listed Blphabetically according to orders; under each order, alphabetically by genera. 

2 The assistance of various taxonomic specialists in the Bumau of Entomology and Plant Quarantine is 
gratefully acknowledged. 

» Also tested for Aplanobdcter stervarti after feeding for several days on infected corn in cages, but data not 
included in this summary. 
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Table ().- Summary of insrcts ^ collected in the fi(dd in 1934S7 and tested for 
Aplanohacter stewarti — Conti nued 
INSECTS FROM WHICH A. STEWARTI WAS NOT ISOLATED 


Order and scientific name 


('lomnion name 


('oleoplera: 

Aeolus amabids Lee. 

Brachytarsus sficficus Boh . 

('erafomegilln fuscilabTus (Miils.)^ ^ 

Cerotoma trifurmta (Forst.) 

Chaelocnevm minuta Melsh , . 

ChauliognnthuH pennsylvaiiicvs (D(‘G 

Collopn quadrimaculatus (Fab.) 

Crepidodera airiventm Melsh 

Bianrotica longicornis (Say) 

Dinbrotica rittata {Vuh.) , . 

Dibolia borealis Chev 

IHbolia sp - - - - . . 

Disonycha xanthomelaena (Dalni.)^ 
Kpknutn pcnusylmnica (DeO .) - , 

Epilachua varivesfis MuL . 

ICpitrix part'll la (Fab.)^ 

Epi/rlrsp.. .. 

Euphoria infia 

Olischrochitiis fusriatus (Oliv.)- 

J lippodnmia convergent Oiier.3 

I lippodamia parenthesis (Say) 

7 lypern nigrirostris ( F'ab.) _ 

Ilypera punctata (Fab.) , 

Jjacon rectnngularis (Say) 

Langur ia rnozardi Latr . 

Jxptinotarsn deermUneaia (Say) . . . 

Llms concatms Say . . . 

Macrodnetyius siibspinosiis Fab 

Manfura flnridana Cndch 

Melanophthnlma distinguenda (^m 

\fe.ligethes saevus ijoC 

Nodannta puncticollis (Say) 

i\otoius calcaratus Horn. 

PhalacruH politus Mchh . .. . 

Phylloireta vittaia ( Fab.) ... 

Popillia japonica Ucyfnx .. 

Psyllindes sp, 

Scytnnus up . 

Sitona cylindricollis (h\\h.) . . . 

Sitona hispidula (¥nh.) 
si)-.- 

Systena hlanda (Melsh.) 

Systena hudsonias (Forst.) . 

Systena taeniata A net 

Tetraopes telraophthalmus Forst 
Triachus afomiis (SiifTr.) . . 

( 'ollembola; 

Sminthurus ap-. . 

Heiniptera; 

Adelphocoris rapidus (F>ay)^. 

.1 llocoris pulicaria ( ( lerm . 

Anasa armigera (Say). . .. 

Blissus lencopterus (Say) 

Euschistus rariolarius (F. <ie B.) . 

Geocoris punctipes (Say)^ 

1 Falticus citri (Aahm.)^ ... 

Lyguv pratensis oblineatus (Say)* . . 

Orius insidiosus . ... . 

Trigonotylus ruficornis (GeofTr.).. 
nomor)tera: . 

AceratagaUia sanguinolenta (Frov.) 

Agallia constricta Van D.* . 

Aphis maidis Fitch 

Balclutha sp 

Chlorotettix viridius Van D 

Delphacodes sp 

Deltocephalus flavicostus Stal . . 

Jhaeculacephala mollipes (Say)L .. 

Empoasca sp.* 

Exitianns obscurinerris (Stal) 

Macrosiphurn sp 

Macrosteles divisus (Uhl.) 

Mkrutalis calva (Say) 

Norvellina seminuda (Say) 

PhilaenuB leucophthalmus (L.) 


Spotted ladybird . . 

Bean leaf beetle 

Flea iHictle 

.) Soldier bug _ 

Four-siM)tl.ed beetle ... 

- A calypha flea beetle 

.. Corn rootworm (a. n. o.) ' 

- Striiied cucumlx'r Ix'etle (a. n. o.). . . 

-- Ijcaflxietle - 

-- do.. . . 

Spinach flea lH‘t?tle 

Black blister becth‘ (a. n. o.) 

. . Mexican bean beetle (a. n. o.) 

.. Tobacco flea b<*etle (a. n. o.) . 

. Flea beetle ... 

. - - Bumble, flower beetle (a. n. o.) . . , ... 

Convergent ladybectie (a. n. o.). 

Jjadybeetle . 

-. T.,esser clover leaf weevil (a. n. o.) . . . 
Clover leaf weevil (a. u. o.) 

(flover stem borer. 

Colorado potato lMM‘tl<‘ (a. n. o.). 

Rhubarb curciilio (a. n. o.) 

Rose chafer (a. n. o.) . . 


Ro.se leaf beetle (a. n. o.) 

Smut IxMdie (a. n. o.) .... . 

Striped flea beetle (a. n. o.) 

Japanese beetle (a. n. o.) 

Flea beet le . . 

Lad y beetle. . 

Curculio 

Clover root curculio (a, n. o.) . 
Shining flower beetle . 

Fale-striped flea beetle (a. n. o.). 

Flea beetle 

- do 

Red milkweed beetle (a. n. o.) . 


Springtail . 

Rapid plant bug (a. n. <i.) 


Chinch bug (a. n. o.) 

St ink bug 

IMant bug 

Garden flea hopper (a. n. o.) 
Tarnished plant bug (a. n. o.) 
Insidious flower bug 


ClovcT leafhopi)er 

Ix^afhopi)er. 

Corn leaf aphid (a. n. o.) 
T<eafhopiM?r 

do 

I/cafhopper ___ - 

Tenderfoot leafhopper 

Tx*afhopr)er 

do 

Aphid 

Six-spotted leafhopper (a. n. o.) . . 

Treenopper . 

Tjeafhopper . 

Spittle bug - 


Years 

teste<l 

In.sccts 

tested 

1937 

Number 

lOS 

193/) 

5 

193r)-37 

29 

1935 

1 

193.5 

11 

1935, 1937 

1(1 

1934-37 

13 

I93f) 

17 

1935-3f) 

3 

1935, 1937 

7 

1934, 1935 

51 

1936 

2 

1934-37 

14 

1936 


1934-37 

12 

19.34-36 

61 

1936 

3 

1936 

1 

1936 

2 

1935. 19:i7 

7 

1936 

1 

1936 

7 

19;i4. 1936 

4 

1937 

S 

1937 

11 

1936 

6 

1936 

1 

1935 

13 

1935, 1937 

K 

1935-37 

4H 

1935 

31 

1935 

4 

19;i7 

1 

1934-36 

34 

1934-36 

23 

1937 

31 

1935-36 

33 

1936 

11 

1936 

4 

1936 

1 

1936-37 

27 

1934-:16 

S 

19:15 

1 

1935-;i6 

24 

1935-36 

2 

1936 

2 

1934 

S 

1934-36 

4 

1936-37 

:i 

1937 

1 

1936 37 

9H9 

1936 

S 

1934-35 

S 

1936 

21 

19:14-37 

191 

19:i4 :i6 

517 

1935 36 

29 

1934-36 

7 

1934-36 

73 

1936 

19 

19:i5 

5 

19.35 

1 

1935 

1 

1934 

1 

1934-36 

15 

]9:i4--36 

290 

1936 

1 

1936 

20 

1934-:i6 

185 

1934 

1 

1934,1936 

4 

1935 

105 


' Listed alphabetically according to orders; under each order, alphabetically by genera. 

* Also tested for Aplanohacter stewarti after feeding for several days on infected corn in cages, but data 
not included in this summary. 

* a. n. o.= American name, official; I. e., common name adopted by the Amcri(!an Association of Economic 
Entomologists. 
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Table 6. — Summary of insectfi * collected in the field in 1934-37 and tested for 
A planohacter stewarti — Continued 

INSECTS FROM WBICII A. STEWARTI WAS NOT ISOLATED --Continued 


Order and scientific name 

Common name 

Homoptera— Continued. 

Phlepsius irroratus (Shy) . _ 

Irroratt*. l<?afhopper_ 

Polyamia inimica (Shy) ... 

Inimical lcafhoi>iM>r- 

TiCafhoppor 

do - - _ . - _ 

Scaphytopius cinereus (O. and R.) 

Scaphytopiua frontalis (Vhn D.) . . 

Sfobaera tricarinata (Say) 

TiCpidoptera: 

Ileliothis armigera (nbn.) (larvae) 

Orihoptera: 

Conocephalus fttsciatus (DeG.). . 
Thysanoptera: 

Aeolothrips fasciatus (Ti.) . 

Aeolothrips fasciatus (L.) 1 

Anaphothrips obsenrus (Miill.) . 

Fnlgorid . 

Cornoarworm (a. n. o.).._ 

Grasshopper (nymph) 

'Phrips . - - 

} - - 


"W'ars 

tested 

Insects 

tested 

1936-36 

Number 

2 

1934-36 

6 

1930 

1 

1936-36 

2 

1935 

6 

1937 

20 

1936 

1 

1936 

6 

1934 

60 


> Ijisbui alphalKJticfilly according to orders: under each order, alphabetically by genera. 

CHAETOCNEMA PULICARIA " 

Abundance and Distribution of Infested Adults 


The corn flea beetle (Chaetocnema ]mlicaria)y as pnwioiisly reported, 
appenrs to be the most important insect vector of the wilt, organism 
amonp: th(» species tested. From the data obtained to date, it also 
appears to be the only species of importance that harbors the org^anisrn 
over winter and carries it to the young corn in the spring. 

Chaetocnema pulicaria usually occurs in much greater abundance on 
corn throughout most of the season than any of the other insects from 
which Apfanobacter stewarti has been isolated {0). During 1934, 
4,790 specimens from 29 localities and 12 host plants were used in 
isolation tests; in 1935, 5,588 specimens from 45 localities and 10 
hosts; in 1930, 3,809 specimens from 20 localities and 5 hosts; and in 
1937, 4,426 specimens from 26 localities and 8 hosts; making a total 
of 18,613 specimens of C. pulicaria tested in the 4 years. Table 7 
gives in detail the percentages of C. pulicaria infested with A, stewarti 
under field conditions at the Arlington farm during the 4-year period 
1934-37. C. pulicaria was much less abundant in tlie fi(4d in 1936 
than in the otluu' 3 years. In the spring and early summer, tlu^ per- 
centage of heavily infest(‘d beetles was slightly lower than in mid- 
summer and fall, indicating that as the number of infected corn plants 
increased, the proportion of beetles carrying an abundance of the 
organisms also increased. TIk' seasonal life liistory of this insect is 
not yet well enough known to correlate the fluctuation in the propor- 
tion of adults infested with tlui appearance of new broods. 

The data from collections of Chaetocnema pulicaria at the Arlington 
farm for the period 1934-37 are summarized in table 8. 

The data presented in table 8 show that the proportion of infested 
Chaetocnema pulicarm obtained from sweet corn was consistently 
higher than that obtained from other hosts. The larger percentage 
of infested C. pulicaria found on sweet corn at the Arlington farm in 
1936 than in 1934 and 1935 was probably due to the fact that in 1936 
collections from this host were made late in the season only, when 
wilt was more abundant in the field. The percentage of C. pulicaria 
infested with Aplanobacter stewarti collected from sweet corn in 1937 
was low, probably because 100 of the 225 adults tested were collected 


B Oolooptfera, Chrysomolidao. 
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May 25 from swoet corn transplanted from the greenhouse to a spot 
located several hundred yards from infected corn of the previous 
season. Only 2 percent of these 100 beetles yielded A. stewarti. 
If this collection is omitted from the calculations, the remaining 125 
adult C, pulicaria, all collected on infected sweet corn after July 18, 
will yield an average of 46.4 percent infested with A. stewarti. The 
percentages, by months, of C, pulicaria found to be carrying the wilt 
organism internally at the Arlington farm during the 4-year period 
are likewise shown in table 8. 


Table 7 — PercAnUigv of Chaetocnema pulicaria infested wilk Aplanohacier sleioarti 
y rider field conditions at the Ailington Experiment Farm, Arlington, Va. 



Host 

.Adults 

ProiM)rlion 

Dale 


Adults 
tested 
by iso- 
lation 

Proportion 

(Ol- 

by iso- 
lation 

yielding 
.1. stewarti 

col- 

lected 

Host 

yielding 

A . sttwarti 

nw, 


No. 

No. 

Pd. 

1935 


No. 

No. 

Pet. 

M ay 1 

(lra.ss . .. 

IS 

2 

11. 1 

■Inly 8 
15 

Corn (sweet) 

99 

49 

49. 4 

14 

Corn (swoet) 

85 

0 

0 

- . do 

KM) 

.59 

.59. 0 

10 

(Iriiss 

4 

1 

25. 0 

22 

do 

KM) 

49 

49. 0 

10 

Wheat. . , 

57 

K) 

17.5 

Sept. 25 

Alfalfa 

KK) 

31 

31.0 

10 

Corn (sw'eet) 

54 

10 

18. 5 

27 

Crass 

KM) 

32 

32. 0 

IS 

do... 

S3 

11 

13.2 

Oct. 28 

Sudan grass . 

IIU 

8 

7. 2 

.In mi IS 

Panic grass 

KM) 

0 

0 

Nov. 5 

Alfalfa 

110 

35 

31.8 

20 

C^orn (field) 

50 

22 

44.0 

5 

Crass 

100 

21 

21.0 

20 

. do 

50 

20 

40. 0 






.Inly 0 

Corn (sw’cct) 

100 

75 

75. 0 


'J'otal or average 

1, 765 

493 

27.9 

31 


KM) 

38 

38. 0 

1936 





Aun. 1 

Sudan grass 

100 

19 

19. 0 





S 

...do 

00 

8 

• 12.1 

Mar. 25 

Ora.ss . .. 

104 

25 

24.0 

10 

f\jrn (sweet). .. .. . 

tK) 

45 

50.0 

Apr. 15 

do... 

100 

13 

13. 0 

10 

Panic grass 

10 

2 

20.0 

May 13 

. .do . 

70 

8 

11.4 

15 

Alfalfa.. . 

100 

0 

9 0 

June 2 

Corn (0(4(1). 

94 

20 

21.2 

10 

Corn (sweet) 

100 

30 

30. 0 

July 2 

Panic grass 

53 

0 

0 

2M 

. . (in 

KK) 

47 

47.0 

2 

Corn (field) . 

54 

1 

1.8 

Si'pl. 5 

. do 

KM) 

58 

.58. 0 

14 

do ... .. . 

100 

2 

2. 0 

11 

Sudan t>,ra.s,s 

KK) 

0 

0. 0 

27 

(io ... . . 

48 

7 

11. 5 

10 

Corn (sw’cet) 

40 

20 

50. 5 

Aujr. 19 

(/orn (sweet) . 

KM) 

.51 

61.0 

10 

Sudan grass 

47 

1 

2. 1 

Sept. 8 

.- do 

95 

51 

53. 6 

Ort. 2 

do - . . 

52 

8 

15.3 

23 

. - (lo . . 

60 

43 

71.6 

22 

Alfalfa and gras*?. . 

KM1 

3 

3.0 

Oct. 19 

Crn.ss 

100 

31 

31.0 

Nov’. 5 
22 

Crass 

- do ... 

105 

(K) 

7 

9 

0. 0 
15. 0 

Nov. 2 

(lo 

KM) 

38 

38. 0 


Total or av('rage 

1,078 

2VK) 

26. 9 













'Potal or average ; 

1, 877 

473 

25. 2 

1937 











1935 





Jan. S 

Cra.ss 

100 

30 

.30. 0 






Mar. 25 

. . do 

23 

4 

17.3 

M ar. 22 

Grass , 

100 

7 

7.0 

.Al)r. 0 

-(lo . 

100 

26 

26. 0 

25 

.do 

100 

0 

0.0 

Mav 25 

Corn (swe(*t) . . . 

100 

2 

2. 0 

30 

.do 

KK) 

2 

2. 0 

June 23 

Corn (field) 

100 

2 

2.0 

Apr. 25 
May 14 
28 

do .... 

97 

9 

9.2 

July 19 
19 

Corn (sweet) ._ ... 

.50 

19 

38.0 

--.do . 

38 

0 

1.5.7 

Crass 

.50 

6 

12. 0 

Corn (sweet) 

UK) 

28 

28. 0 

.\ug. 11 

Corn (.sweet) . .. 

00 

29 

48.3 

-Tune 3 

3 

do 

039 
31 cf 

32 

,50.7 

11 

Crass . _. 

40 

4 

10.0 

. , do 

10 

3 

51.6 

Sept. 15 
15 

Corn (sweet) 

15 

10 

66. 6 

3 

do . _ 

/> 

TA). 0 

Crass 

87 

23 

26. 4 

10 

do 

100 

45 

4,5. 0 

Oct. 12 

do. . - 

.50 

12 

24. 0 

15 

do 

849 

1 

1.2 

12 

Alfalfa (gras.sy) 

.50 

6 

12. 0 

15 

do . . 

Sir? 

0 

0 

Nov. 8 

W(a^(ls, grass, etc ..i 

85 

19 

22. 3 

20 

fin 

94 

54 

57. 4 





27 

do 

1 

0 

0 


Total or average.. 

910 

192 

21.0 







9 Fomtilo. cf Male. 


Although these data are incomplete they indicate that higher per- 
centages of these beetles were carrying the wilt organism during July, 
August, and September than during other months of the year. It 
seems clear that while the percentages of infested Chaetocnema, puli- 
caria at the Arlington farm early in the season were higher in 1936 
than in 1935, midseason percentages were lower, and late-season 
percentages again were liigher. 
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Table 8. — Proportion of adults of Chaetocnema pulicaria, infested with Aplanohacter 
stewarti, collected from, sweet corn and other hosts at the Arlington Experiment 
Farm, Arlington, Va., 




i2 

d 

Adults infe.sted 



TJ 












Host and year 

T*eriod of collection 

03 






1 1 

1 



1 




- 

O 1 

H 

^ O/ 

d 

09 

ce 

i. 1 
< : 

>> 

p. 

June 

July 

tH: 

3 

cT 

m 

Oct. 

1 A 



No. 

Pcf. 

Pel. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pel. 

Pci. 

Pel. 

Sweet corn: 














m4 

May It to Sept. 19. 

9()S 

40. 3] 





9.4 

40. 0 

56. 5 

44.1 

57. 5 


- 



May 2S to July 22. 

8()S 

41.5 





28. 0 

36. i) 

52. 5 




. . 

l‘.W6 

Aliy:. 19 to Sept. 23 

255 

56. 8 








51.0 

60.6 



11)37 -- 

May 25 to Sept. 15 

225 

• 2t». 6 




2.0 


38.0 

[ 48.3 

66.6 



other hosts: 














im 

M ay 1 to Sopt. 19 

1 669 

12.1 




16.4 

14.6 

6.8 

13.8 

4.7 

7.2 

9. 6 

1935 

Mar. 22 to Nov. 5 

955 

16. 4 


5.0 

9.2 

i 15.7 




31. 5 

7.2 

2tl. 6 

1936 

.Mar. 25 to Nov. 2 

823 

17. 6 


24. 0 

13. 0 

11.4 

21.2 

3.9 



31.0 

38. 0 

1937 

Jan. 8 to Nov. 8 ... 

685 

19.2 

30. 6 

1 

17.3 

26. 0 


2. 0 

12.0 

10.0 

1 20. 4 

18.0 

22. 3 








1 





— 








I SCO text p. C64 for cxpltuialion of low figure. 


Tiible 9 gives detailed information on the percentage of Chaetocnema 
pulicaria infested witli Aplanohacter stewarti umler field conditions 
when collected from localities other than the Arlington farm during 
the 4-year period 1934-37. Excluding collections of 10 adults of (\ 
pulicaria or less, high percentages (30 percent or more) of infested 
beetles collected from localities other than the Arlington farm for the 
4-year period are shown in table 10. 

'Pable 9. Percentage of Chaetocnema pulicaria, from localities other than the 
Arlington Expert ment Farm, Arlington, I’^a., infested with Aplanohacter stewarti 

im 



“ 


JJato colloctiMl 

Host 

State 

May 5 — 

Oats... .. . . 

South Carolina. . 


Corn. - ...... . . 

do - --- 

May 8 

Weeds... 

North Carolina . 


Oat.s 

Virginia . . 


do , . 

Maryland.. 

Do 

Corn - . . - 

do..— . . . . 

Do - 

do - — 

New Jersey 

Do 

Tomato 

do 

June 10 

Oats 

. ..do. 


Corn ... . 

Virginia 

Do 

do - 

do ... 

J une 27- - . 

do. -- -- 

Pennsylvania ... 

Do.. _ ... 

do 

do 

July 2 

do - - . - 

Virginia . 

July 11 

do 

...do . 

Do 

.do - - 

. do . 

Julyl7.-_ 

do 

New Jersey 

1)0 

do 

Delaware. 

July 18 

_ ..do 

Connecticut ... 

July 20 

do . 

New York 

July 21 

do.... 

Pennsylvania 

Do 

.do 

do 

Do 

.do - --- 

do 

Aug. 21... 

do... --- 

Virginia 

Do . 

do 

North Carolina . 

Aug. 30 ... 

.do _ ... - - - 

Virginia 

Sept. 6 - 

do - , 

do - . 

Sept. 10 

do 

Ohio 

Oct. 8 - 

Corn and grass. . 

Missouri 

Oct. 10 . 

Corn . - . 

Kansas 

Oet 15 

Rye and alfalfa 

Illinois . 

Total or average. 






Adults 

t(*sted 

JToportion 
yii^lding 
.1. Htewarti 

Number 

Number 

Percent 

112 

0 

0. 0 

145 

0 

.0 

19 

0 

.0 

59 

0 

.0 

67 

11 

16. 4 

50 

3 

6.0 

8 

0 

.0 

72 

0 

.0 

3 

0 

.0 

50 

14 

28.0 

50 

8 

16. 0 

16 

4 

25. 0 

6 

3 

60.0 

50 1 

8 

16. 0 

54 

30 

55.5 

50 

3 

6.0 

8.5 

18 

21. 1 

97 

19 

19. 5 

4 

0 

.0 

5 

0 

.0 

68 

28 

41. 1 

100 

15 

15. 0 

100 

2 

2.0 

100 

40 

40. 0 

27 

5 

18.6 

100 

29 

29.0 

100 

16 

16.0 

2 

0 

.0 

110 

18 

16.3 

160 

7 

4.3 

97 

38 

39.1 

1,965 

319 

16.2 
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Table 9.' PerceyUagc of ChaHocnema pidicaria, from localUicH other than the 
Arlington Experinienl Farm, Arlington, Va , infested with A planohnrter stewarti 
Contiiniod 

1935 


Date (H)llected 

Host 

State 

Adults 

tested 

Proportion 

yielding 




A. stewarti 

April 2 



\'t/mht'r 

umber 

Percent. 

(}ra.ss 

Virginia 

11(1 

11 

10. 0 

Do . .. 

(io 

do 


0 

.0 

Do 

do 

-do ... . 

1? 

0 

. 0 

Do. 

-do. . 

do .. 

98 

5 

5. 1 

Do _ . 

.do 

do 

I./ 

0 

.0 

Do.. 

do 

. - do.. 

29 

0 

.0 

April 19.. 

Bluegrass. . 

Missouri . 

(> 

1 

10.0 

April 20. 

-do 

Ohio.. 

s;i 

2 

2. 4 

Do 

(Irass. 

Indiana 

111 

7 

0. 3 

Do-_ 

do. _ . 

Ohio. 

8 

0 

.0 

April 28 . . 

...do... 

Virginia. . 

117 

7 

5. 9 

May 7 . . 

do. . 

Nortli Carolina 

100 

2 

2. 0 

Do.. 

Oats . 

Virginia. . 

30 

1 

3. 3 

M ay 8 

do.. 

Nrjrth Carolina 

55 

2 

3. 0 

1 )o . 

(Irass.. 

- do. . 

10 

2 

12.5 

Do. 

Dorn - 

South Carolina 


0 

. 0 

Do.- 

Alfalfa - 

do . 

I 

0 

. 0 

Do. 

(^orn 

-do.. - . 

49 

0 

. 0 

May 9.. 

..do . . 

do . 

52 

1 

1.9 

Do 

. do. 

- -do 

M 

9 

W). 7 

M ay 10 

do... 

Virginia 

07 

12 

17.9 

May 11. 

(.5ra.ss , 

..do . - 

1 t 

1 

5. 2 

Do 

Alfalfa 

- do.. 

7 

0 

.0 

May 15.. 

Oats. . - 

Maryland. . 

100 

90 

22. 0 

Do 

Orass . .. . . 

. do 

3 

2 

3 

00. 0 

Do . 

Wheat.. .. 

Delaware.. . . . 

2.5 

12.0 

May 10.. - 

(''orn 

New Jersev- . . 

100 

30 

30. 0 

Do 

Oats .. 

.do 

99 

13 

13. 1 

May 17. 

Orass... .. • 

(Connecticut 

2 

0 

.0 

May 21 

(\)rn.. 

Maryland 

T)/) 

0 

. 0 

Mav 22 . 

( Irass . . 1 

Pennsylvania 

100 

31 

31,0 

Do 

Oats . . 

-. (io. ... 

9 

3 

33. 3 

May 31.. 

(’’orn . 

Virginia 

100 

13 

13. 0 

.liin(>0 

do . 

do ... 

1 0 

2 

33. 3 

•hine 7 

do 

North (Carolina 

i 7 

1 

14.2 

Do . 

do. . 

do 

! 14 

1 

7. 1 

.lime 11 

. do... 

Virginia . 

140 

28 

20. 0 

June IS 

Oats 

P(.‘iinsylvania 

120 

21 

20. 0 

.lime 24 . 

(\»rn 

(io 

23 

1 

4.3 

Do. 

(io 

N(‘w^ Jersey . . 


0 

.0 

•Inly 1 

(io 

Virginia 

100 

34 

34. 0 

•Inly 12 

.... (io. .. . . - 

flo . 

100 

38 

38. 0 

July 10 

do... 

New Jc^rsey 

100 

43 

43. 0 

July 17 

.do 

New York 

KKl 

52 

52. 0 

Do.. . 

. do... _ . - 

. - do - . 

28 

12 

42.8 

July IS. 

- .-do... . 

Connecticut .. . 

47 

0 

12. 7 

July 19.. . . 

. -(io.. .. 

New York . . 

13 

1 

7. 0 

July 20 ... 

(io . 

Pennsylvania 

00 

8 

13. 3 

Do 

do 

... do - 

00 

0 

10. 0 

Do-. 

do - 

do .. 

47 

14 

29. 7 

Aug. 14. . 

do 

do . . . - . . . _ 

24 

0 

25. 0 

Auir. 10 

.. (io 

New York 

28 

3 

10. 7 

Aug. 17 , 

do .. 

(Connecticut 

45 

10 

22. 2 

.Aug. IS . , 

...do 

New- York. . . 

55 

31 

50. 3 

Sept. 24 . ... 

Alfalfa . ... 

Virginia 

100 

37 

37. 0 

Oct. 8 

Dorn , ^ 

(io . - - _ . 

98 

29 

29. 5 

Oet 12 .. . . 

Alfalfa 

West Virginia 

100 

27 

27. 0 

Oct. 13 . 

(io ■ . .... 

Illinois . 

04 

0 

9.3 

J>0 

riover. . 

(io. - 

40 

13 

32. 5 

Oct. 14 

Orass 

Missouri-. - . .._ 

UK) 

5 

5. 0 

Oct. 15 ... 

Alfalfa - 

K ansas 

100 

3 

3. 0 

Oct. 19 . 

Do. ... 

Grass . 

do... 

Indiana 

Ohio . _ 

KM) 

110 

10 

20 

10 . 0 
18. 1 

Nov. 5- 

do -. 

Virginia .. 

100 

29 

29. 0 


Total or average. 



3, 045 1 

080 

18.8 







1936 


1 

Feb. 26 

Rye . 

1 

Virginia.-- 

80 

4 

5.0 


do - . 

-do 

no 

3 

2.7 

Apr. 13 

do 

. do. 

112 

7 

0.2 

Apr. 20 

R1iiegrns.s 

Ohio - 

08 

4 

5. 8 

A pr. 28 

Grass., ... 

Virginia 

39 

3 

7. 0 

Apr. 29 

Rye 


93 

4 

4.3 
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Table 9.- Percenlage of Chaetocnema 

pulicaria, from localities other than the 

Arlington Experiment Farm^ Arlington 

Va.t infested with Aplanohacter stewarti — 

(continued 







1936— Continued 








Proportion 

Date collected 

Host 

state 


yielding 





A. stewarti 




Number 

1 

1 

Percent 

Apr. 29 - - 

Crass .. . 

North Carolina 

100 

6 

6. 0 

May 6 - - - 

Corn - - . . 

South Carolina - . . . . 

93 

3 

3.2 

Do 

Rye 

Virginia . 

88 

22 

25. 0 

May 15 

Corn . 

Indiana 

3 

0 

.0 

Do 

Grass . - 

. do. 

5 

0 

.0 

M ay 25 . - 

t^rn.. 

Pennsylvania . . 

21 

1 

4. 7 

Do _ 

do . . - 

do 

2 

2 

100. 0 

Do - . 

do . 

Ohio. . . 

4 

1 

25. 0 

May 26 

... .do.. .. 

Virginia 

100 

10 

10. 0 

Do 

do 

Indiana .. 

11 

0 

.0 

M ay 27 

do - 

New York.. . .. 

46 

3 

6. 5 

June 4 . .. . . 

...do 

Ohio. 

1 

0 

.0 

June 9 

do 

Virginia . . 

100 

41 

41.0 

June 15-- 

do - 

Ohio. . 

1 

0 

.0 

June 28 

. ... do ... 

Indiana... 

74 

0 

.0 

June 25 

do ... 

Ohio 

1 

0 

.0 

July 6 - 

......do... 

do . . . . 

1 

0 

.0 

July 16 .. .. ... 

... .do 

. . <io . 

6 

0 

.0 

July 21. . 

? . 

New York 

19 

3 

15. 7 

Do.. 

Corn . 

Indiana. 

61 

1 

1.63 



Virginia. 

86 

40 

46. 5 

July 28 

... do 

do ... 

50 

23 

46. 0 

Do.. - - 

do -- . . 

do . 

.50 

20 

40. 0 

July 28 


Ohio 

30 

0 

.0 

July 29. . ,. - . 

Corn and yellow bristle 

Pennsylvania... 

48 

0 

.0 


grass- 





July:U .... 

Corn — 

do 

50 

0 

0 

Aug. 7 . 

.. do... - . 

Ohio 

70 

0 

.0 

Aug. 12 . , 

do - 

New York 

40 

19 

47. 5 

Do 


Virginia 

50 

16 

32. 0 

Aug. 17 

.. do,. 

Ohio 

113 

0 

.0 

Aug. 25. 

. do 

Pennsylvania 

92 

4 

4.3 

Aug. 26 ... .. 

.. ..do 

New York . 

5 

0 

.0 

Aug.27 .... ... 

do 

. ..do. 

100 

49 

49. 0 

Do.. 

do... . . 

Ohio.. 

100 

0 

.0 

Aug. 28.. 

. . do. ... 

Delaware 

100 

39 

39. 0 

Sept. 1 

do 

Indiana . . 

4 

0 

.0 

Do.. . 

do 

do.. - . , . 

100 

60 

60. 0 

Sept. 8 .. 


Ohio 

100 

0 

.0 

Oct. 6 .. 

Rye - 

New Y'ork 

75 

33 

44.0 

Oct. 20.... . 

Grass.. -- 

Indiana . .. 

53 

14 

26. 4 

Nov. 2 - _ .... 

.? 

Virginia . 

100 

IS 

18. 0 

Nov. 7 

Bluegrass 

Ohio _ . 

76 

0 

.0 

Dec. 28 . 

1 do . - 

Indiana 

8 

1 

12.5 

Dec. 30 

1 Grass. 

- ..do ,. — — 

3 

> 

33.3 

Total or average. 



2, 742 

455 

16.5 







1937 

Jan. 10 . 


Virginia 

100 

13 

13.0 

A pr. 21 - - 

Grasses 

.. ..do 

50 

9 

18.0 

Do 

. . do 

.. do 

50 

11 

22.0 



Ohio.. . . 

100 

7 

7. 0 


. ..do - .... 

Indiana 

38 

2 

5. 2 


do 

-do 

21 

2 

9.5 

May 12 

do... 

Ohio... 

4 

0 

.0 

Mav 13 

Field corn 

North Carolina 

100 

H) 

10.0 

May 29 

Sweet corn 

New Jersey 

63 

32 

60.7 

Do 

Field corn . 

Delaware 

100 

8 

8.0 

Do 

Sweet corn... 

New Jersey 

100 

27 

27.0 

Do 

Field corn... 

Maryland 

88 

0 

.0 

Juno 1 - 

Sweet corn 

New York 

54 

22 

40.7 

June 3... 

do... 

Pennsylvania 

30 

1 

3,3 

Juno 4... 

Field corn 

do 

45 

0 

.0 

D> 

do 

do 

60 

2 

4.0 

June 9 

Sweet corn 

New Jersey 

100 

71 

71.0 

June 15 

Field and sweet corn 

Ohio 

100 

1 

1.0 

June 17 

Sweet corn..... 

New Jersey 

100 

64 

64.0 

June 21 

Dent corn. 

Indiana... 

69 

30 

43.4 

June 24 

Sweet corn 

New Jersey 

100 

03 

63.0 

June 26 

Field corn.. 

Pennsylvania 

100 

4 

4.0 

Jane 29 

Sweet corn 

New York 

48 

26 

54.1 

July 8 

Field corn 

New Jersey 

100 

48 

48.0 



May If), mo Seasonal Development of Bacterial Wilt of Sweet Corn 669 


Table 0. — Percentage of Chaelocnema pulicariay from localities other than the 
Arlington Experiment FartUy Arlingtoiiy Va.y infested with Aplanobacter stewarti — 
Continued 

1937 -(^Hitiiiued 


Date collected 

Host 

State. 

Adults 

tested 

Proportion 

yielding 

A . steivarti 




Number 

Number 

Percent 

July 19- 

Sweet corn 

Indiana . 

25 

1 

4.0 

Do-- 

Dent corn .. 

... do ..... 

32 

5 

1,5.6 

July 21 

do - 

do . 

84 

25 

29.7 

J Ill y 22 . 

Field wrn. . 

New Jersey 

86 

64 

74.3 

July Zi - 

Sw'eet and field (X)rn 

Ohio 

93 

1 

1.0 

July 26 . 

Sweet corn . . .. 

New York. ... . 

100 

75 

75. 0 

Aug. 10 . . - 

. . ..do . _ 

Indiana 

26 

12 

46. 1 

Do 

Dent corn . 

do. . 

97 

10 

10.3 

Aug. 11 

Sweet corn 

do.. 

10 

2 

20. 0 

Aug. 13 . 

. do 

Ohio .. .. . 

100 

49 

49. 0 

Aug. 17 

Field corn 

Jhmnsylvuuia . . 

100 

18 

18. 0 

Do- 

-do -. .... 

- .-do 

48 

6 

12. 5 

Do 

Glassy corn... 

do.. 

21 

7 

33. 3 

Aug. 18 - 

Sweet corn.. - . .. 

New York. . , .. 

57 

10 

17.5 

Do 

do 

do 

17 

6 

35. 2 

Aug. 19. . - 

Corn - 

do 

10 

3 

33. 3 

D«) - . 

Sweet corn-- . - - 

do... . - 

9 

4 

44.4 

Do 

do ... 

do. 

45 

21 

46. 6 

Aug. 20 

Field corn . 

New Jersey 

100 

54 

54. 0 

Aug. 28 

Sweet corn , 

New York . 

6 

1 

If). 6 

vSept. 2 . .... 

do 

do 

93 

70 

76.2 

Sept. 18 

BluegrasS-.- - ■ 

Ohio - . - 

100 

37 

37. 0 

Sept. 20 . - 

Sweet corn--. 

. do 

100 

32 

32. 0 

Sept. 23 - 

Grass. 

New Jersey 

88 

43 

48.8 

Oct. 1 - 

Sweet corn 

Indiana. - . - 

21 

11 

52.3 

Do. 

Dent corn 

do 

77 

16 

19.4 

Oct 2 

Sweet corn 

.. ..do . 

50 

14 

28. 0 

Oct. 5- 

Kve 

New York . 

100 

50 

60. 0 

Oct. li 

Sweet corn .I... 

Ohio. - . 

100 

21 

21.0 

'Potul or av(*rago 



3, 5(^ 

1, 120 

31.9 


Tabi-k ]0, -PerceyUage (30 percent or more) of infested Chaelocnema pulicaria 
collected in localities other than the Arlington Experiment Farniy Arlingtony Va.y 
1934-37 


Lomlity 




July 11 

Auk. 21 

July 21 

Oct. 15.. . 


(''harlottosvillc, Va 

Franklin, Va . . 

JlamburK, I’a .. . 

Madison County, 111 


jm 


Julyl.. , 

July 12 

Sept. 24-. 
May 22 ... 
May If). - 
July 16 

July 17.... 

Auk. 18.... 
Oct. 13 


Falls Church, Va. . 

Norfolk, Va .. . 

Falls Church, Va__ 

Gettysburp, Fa . . 

BurliuKton. N. J 

do 

rnick.svlllc, N. Y 

iHuntinpton Station, N, Y 

Yonkers. N.Y... 

Hamel, 111 


19$e 


June 9. 

July 22 

July 23.... 


Aur. 12.. 
Auk. 28. . 
Auk. 12_. 


Falls Church, Va 

Holland, Va 

rNorfolk, Va 

[Surry, Va 

Holland, Va . 

Glasgow, Del 

Mineola. N. Y. 


Inicstcd 

beetles 


Percent 
r)5. (» 
40. 0 

41.1 

39.1 


34.0 

38.0 

37.0 

31.0 

36. 0 

43.0 
,') 2.0 
42.8 
56.3 
32.5 


41.0 
46. 5 

46.0 

40.0 

32.0 

30.0 
47.5 


Date 

1 

Lo(;alify 

me 


Aug. 27. .. 

Honipstcnd, N. V- 

Oct, 6 

..-do. . 

Sept. 1 

T,a Fayette. Ind 

1957 


May 29 . 

Burlington, N. J 

June 9 

--do 

June 17. 

do . 

June 24 -- 

do 

July 8 

do 

July 22 

do --- 

Auc. 20 

do - 

Sept, 23. 

do ... . - 

June 1- 

Hempstead. N. Y. 

June 29 

do 

July 26--.- 

- . do - 

Aug. 18 

Watkins Glen, N. Y 

Aug. 19 

Schenectady, N. Y 

Sept. 2 . . 

Hempstead, N. Y 

Oct. 5 

do. 

Aug. 17 .. 

WMllianisport, Pa 

Aug. 13. 

Toledo, Ohio . 

Sept. 18 

Marietta, Ohio 

Sept. 20 

Toledo, Ohio 

June 21 . 

La Fayette, Ind 

Aug. 10 

do 

Oct. 1. 

.. -do .. 


beetles 


Percent 

49. 0 
44.4 

60. 0 


50. 7 

71.0 
VA. 0 

63. 0 

48.0 
74.4 

54.0 
48.8 
40.7 
,54.1 
75 0 

35.2 
46.6 

75.2 

50. 0 

33.3 

49.0 

37.0 

32.0 

43.4 

46.1 
52.3 


It would appear from these data that higher percentages of Chae- 
tocnema pulicaria were carrying Aplanobacter stewarti in 1937, es- 
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pecially during August and September, than during the same montiis 
of the 3 preceding years. However, the collections during the 4-year 
period upon which these data are based were made at different times 
and from different localities and arc therefore not entirely comparable. 

Heavy seedings and practically pure cultures of the wilt organism 
were obtained in 83 percent of the 1,198 isolations of Aplanobacter 
stewarti from Chaetocnema pulicariu in 1935, in 76 percent of the 743 
isolations made in 1936, and in 87 percent of the 1,315 isolations made 
in 1937. Less than 20 percent of the plates had from 1 to several 
colonies of A. steumrti in a mixture of other organisms. 

()vKKwiNTERiN(j OF Aplaiiobacter stewarti 

As previously reportc'd (4, 9) about 19 percent of 175 adults of 
(^haetocnema pulicaria collected at the Arlington farm before' corn 
came up in tlie spring of 1934 w('rc found to b(^ h(*avily infested with 
Aplanobacter stewarti when tested individually foi* this oiganisrn. 
Sweet corn plants in cages in the greenhouse', developc^d typical symp- 
toms of the wilt disease after adults of (\ pulicaria from similar lots 
had fed on the leaves. Additional feeding tests of a similar nature 
were made during either March or April of the 3 years following, and 
similar results were obtained in each instance'. Isolations of A. stewarti 
during 1935-37 from overwintered adults of O. jmlicaria early in the 
season before corn had come up in the field and from adult beetles 
going into hibernation in October and Noveml)er continued to furnish 
evidence of the ov(*rwintering of A, stewarti in this insect. The results 
of these early- and latc-season isolations are given in table 11. The 
figures sliown are not entirely comparable since the collections upon 
which they are base.d were not made at the sanu', time and from the 
saiiK'. localities and hosts from year to year. They indicate', howev('r, 
that larger percentages of (J, pulicaria about to hibernal.e wei'e carry- 
ing the wilt organism in the fall of 1936 and 1937 than during the lat(> 
fall of the two preceding years. Table 11 also indicates that high 
percentages of infested beetles coming out of hibernation in the spring 
apparently follow high percentages going into hibernation in the fall. 
In years when few infested beetles go into hibernation in the fall, 

ring tests have shown similar low percentages. 


Table 11. Proportion of adults of Chaetocnema pulicaria harboring Aplanobacter 

stewarti in the spring and fall 1934 37 
VAIIIOUS LOCALITIES 


V'ear 

Sprinjr 

Fall 

Lncalitie.s 

1 

Adults 
tested j 

j 

Pro[)ortion 

yielding 

wilt 

organism 

L(K*a5ities 

Adults 

tested 

Proportion 

yielding 

wilt 

organism 

1934 

1935 

Number 

1 

16 

6 

8 

Numfjer 

175 

1,427 

964 

586 

Percent 

19.3 

9.0 

10.2 

17.7 

Numtrer 

4 
10 

5 

5 

Number 

684 

1, 132 
504 
533 

Percent 

13.1 

18.2 
26.5 
27.7 

19^ 

1937 


ARLINGTON EXPERIMENT FARM 


1934 

1 

176 

19.3 

1 

317 

8.5 

1935 

1 

397 

6.0 

1 

320 

20.0 

1936 

1 

204 

18.6 

1 

200 

34.5 

1937 

1 

223 

26.9 

1 

185 

20.0 
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An atieinpt was made', insofar as possible, to make the collections 
from which thes(‘ data were obtairu'd in the same aixuis each season. 
However, this was not always possible and freoiumtly there was much 
variation in the percc'ntaj^e of Cluietociujna jmlicaria yielding the wilt 
organism from areas near infected corn of the previous season and 
from areas at distances of one-half mile or more from the corn. The 
foregoing data appear to indicate a considerable increase in the per- 
centage of beetles carrying the wilt organism in the fall of 1935 and 
in the spring of 1936 and a still greater increase in the fall of 1936 and 
in the spring of 1937. The late development of wilt at the Arlington 
farm during 1936 probably was responsible for the higher percentages 
of inh'sted b(>etles in the fall than in midsummer in 1936, and tlu'se 
high(‘r percentag(‘s ^oing into hibernation wei'e in turn probably 
res])onsible for the higher percentages coming out of hibernation tlu' 
following spring. 

Aplanobacter stewarti was isolated from speciiiK'iis of Chaetocnema 
'jyulicaria collected at the Arlington farm (wery month of the year 
(‘xc(‘pt F(‘bi uary during the 4-year period. (kJlections of (I imlicaria 
w(U‘e ma(l(‘ during the winter, whenever weatlnu’ conditions were', 
favorabli^ for tlu‘ ix^etles to become active. One lot of 80 individuals 
of this species, (‘ollected February 26, 1936, at Norfolk, Va., was used 
for isolation of A. sUmartij and 5 percent of these adults yielded the 
organism. As table 9 shows, A. stewarti was isolated from over- 
wint(u*ing adults of (\ jmMcaria from every section of the country in 
which wilt had l)een at all prevalent. 

J*R()i»oi{TioN OF Each Sex Carhyinc, the Wilt Oroanism and Maximum 
Infestation of Adults 

In 1935 the sex of the adults was determined in 2 experiments in 
which field -collected specimens of Chaetocnema jmlicaria were tested 
by isolation in the usual manner. In 1 test 16 isolations of Aplano- 
bacter stewarti were obtained from 31 males and 32 isolations from 63 
females, 51.6 percent as compared with 50.7 percent. These adults 
were collected at the Arlington farm, June 3, from sweet corn trans- 
planted from the greenhouse in April and May. This test indicated 
no significant difference between the sexes in tlie proportion of adults 
carrying the wilt organism. A second test with adults collected from 
the same plants on June 15 yielded 1 culture of A, stewarti from 84 
individual females and none from 31 males. An additional test was 
made July 3, 1935, in which a total of 103 individuals of C. pulicaria 
that had been confined to infected corn in cages for 5 days were tested 
in the usual manner for A. stewarti, and 86, or 83.4 percent, j^ieldod 
the organism. The sex of 87 of these 103 beetles was determmed as 
they were crushed in the broth, and 30 out of 46 females, or 78.2 
percent, and 39 out of 41 males, or 95.1 percent, yielded the wilt 
organism. This was the highest percentage of C, pulicaria over 
recorded as carrying A- stewarti internally. During 1934 {9) only 
30.7 to 68 percent, or a weighted average of 55.6 percent, of the adults 
of C. pulicaria yielded A, stewarti in similar tests. The reason for 
the difference in the number of isolations of A. s'ewarti obtained in 
the first 2 tests is not clear, but the difl'erence may have been due to 
the appearance of a new brood of (7. pulicaria that had not become 
infested with the organism prior to being used for isolation. 
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Tlie maximum infestation from field collections of adults of Chaetoc- 
nema pvlicaria in 1934 was 75 percent on July 9 (table 7); in 1935, 
59 percent on July 15 (excluding the collection of five adults made 
June 3); in 1936, 71.6 percent on September 23 (excluding the two 
adults collected May 25); and in 1937, 75.2 percent on September 2 
(table 9). The highest percentages of beetles carrying the wilt organ- 
ism were from adults collected on or near infected corn. 

CHAETOCNEMA OENTICULATA 

Among the numerous species of insects tested for the bacterial wilt, 
organism during the 4-year period 1934 37, Chaeiocnenui denticulata 
appears to be second in importance as a vector of Aplanohacter 
stewarti under field conditions. In 1934, 366 isolations from 905 
specimens of C. denticulata yielded A, stewarti in 26 instances (table 
6); in 1935, 112 isolations from 597 specimens yielded 4 cultures of 
A. stewarti; in 1936, 82 isolations from 95 specimens yielded only 2 
cultures; and in 1937, 289 isolations from 409 specimens yielded 12 
cultures. Table 12 summarizes the results of isolations from adults 
of C. deniiculaUi collected at the Arlington farm to determine the wilt- 
carrying possibilities of tliis species, and table 13 gives similar data 
for collections from localities other than the Arlington farm. 

At the Arlington farm during 1934-37, a total of 439 isolations were 
made from 927 adults of Chaetocnema derdiculata^ and Aplanohacter 
stewarti was obtained from 23 of these isolations. Of particular 
interest in connection with these studies was the fact that 17 of the 
23 cultures were secured during August and September of 1934, 
when wilt apparently was most prevalent in the field. No cultures of 
A. stewarti were obtained in 1936, although 56 isolations from 59 adults 
were made. One culture was obtained from 25 isohi tions from a single 
adult C, denticulata collected January 8, 1937. 

From localities other than the Arlington farm, during the 4-year 
period, 410 isolations were made from 1,079 adults of Chaetocnema 
denticulata, and 21 cultures of Aplanohacter stewarti were obtained as 
follows: 9 out of 192 in 1934, from adults collected from corn in 
Virginia during August and September; 1 out of 75 in 1935, from an 
adult collected from corn in Virginia; 2 out of 26 in 1936, one from 
corn and the other from rye, at Mineola, Long Island, N. Y.; and 9 
out of 117 in 1937, from adults collected from sweet corn and grass 
(4 from sweet corn and grass in New Jersey, 4 from sweet corn at 
Mineola, and 1 from grass at Marietta, Ohio). While C. denticulata 
does carry the wilt organism, it is apparently not a very close second in 
inportance to C. pulicaria in the (lissemination of wilt in the field. 
Moreover, it is very doubtful whether the organism ever overwinters 
in adults of C. denticulata. No isolations of the wilt organism have 
been obtained in March and April, although 3 isolations were made 
from C. denticulata collected from rye and grass in the fall and winter: 
One, November 5, 1935; another, October 6, 1936; and another, 
January 8, 1937. Several early and midseason isolations of what ap- 
peared to be A, stewarti on plates poured from broth suspensions of 
adult C. denticulata were not infectious. 


» Coleoptera, Chrysoinelidao. 
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Table 12 . Number of Chaeiocnema denticulala infested with Aplanohacler stewarti 
at the Arlington Experiment Farm, Arlingtony Va. 

1934 


Date 

Host 

Apr. 4 

Alfalfa - . 

Apr. 30 _ ... .. 

Kye 

May 16. 

Torn . 

May 18- - 

Alfalfa.. 

.Iunp25... 

( >orn . - . 

.7 Illy 31 

do 

Aujr. 3 


A up. 10, 

do . . . - . , 

Do--. 

Grass.., . . 

Do -- 

do.,.. 

A up. 15 

Alfalfa 

i)o _ 

• -‘lo - . 

Aue. 17 - 

Gnuss - 

Do . 

do . .. 

Aup. 19. .. 

Corn 

Do . 

--..do 

Do 

do... 

Autr. 28- 

Grass . 

S(*pt. f) 

t’orn . 

Do 

..<lo 

Sept. 11 

Sudan prass 

Do _ 

do .... . 

Do .. 

.. . do . 

Do . 

. . .(lo 

Do 

.do . 

Sept. 19 

Gorri . . 

Do . 

Sudan prass . .... 

Do 

do 

Oct. 2 . .. 

. do . 

'rotal or Hverap(^ 



1 


Mar. 21 

Hy*' 

Mar. 23 

Grass . 

Apr. 24 _ 

(lo 

May 14 

d(. 

June 3 

<^»rn 

June 26 

do 

June 27 . 

do 

June 28. 

do 

July 5 

do 

Do 

do 

July 6 

do 

July 8 . . . 

do 

July 23 

do 

Do . 

do 

Sef)t. 26 

Grass 

Nov. 5 

do 

'Potal or averape 





In.scets per 
isolation 

Isolations 

Type of 
culture '• 

I’roportion of isola- 
tions yieldinp A. 
ntewnrti 

Number 

Number 


Number 

percent 

2 

1 

C 

0 

0.0 

6 

1 

B 

0 

.0 

1 

1 

V, 

0 

.0 

8 

1 

V 

0 

.0 

1 

5 

C 

0 

.0 

1 

2 

2A 

0 

.0 

107 

1 


0 

.0 

9 

1 

V 

0 

.0 

44 

1 

A 

0 

.0 

42 

1 

A 

1 

100.0 

15 

1 

B 

0 

.0 

54 

1 

B 

1 

100. 0 

1 

115 

f 7A 

1 8B 

5 

1 

} 5.2 

18 

1 

V 

0 

.0 

1 

10 

IB 

0 

.0 

r 

4 

f 3('^ 


.0 

‘ 


i IH 

1 

25. 0 

10 

2 

2B 

2 

100. 0 

1 

4 

IB 

1 

25. 0 

1 

1 

B 

1 

KMl.O 

1 

1 

A 

1 

KM). 0 

1 

9 

f 2A 

1 

11. 1 


\ n< 

0 

.0 

2 

1 

c 

0 

.0 

3 

1 

c 

0 

.0 

5 

1 

c 

0 

.0 

5 

2 

2A 

2 

100. 0 

5 

1 

A 

0 

.0 

7 

1 

A 

0 

.0 

6 

1 

n 

0 

.0 

14 

1 

c 

0 

.0 

15 

1 

B 

0 

.0 

2 ,560 

174 


17 

9.7 


1 

4 

V 

0 

0.0 

1 

2 

{' 

0 

.0 

1 

1 

V 

0 

.0 

6 

1 

B 

0 

.0 

1 

1 

(’ 

0 

.0 

1 

3 

2A 

2 

66. 6 

1 


r 

0 

.0 

1 

5 

V 

0 

.0 

12 

1 

V 

0 

.0 

14 

1 

V 

0 

.0 

66 

1 

C 

0 

.0 

2 


V 

0 

.0 

1 

1 

\ 

0 

.0 

I 


V 

0 

.0 

I 

9 

lA 

0 

.0 

1 

1 

A 

1 

KM). 0 

132 

37 


3 

8. 1 



' 


. .. 


Mar. 25 

Grass 


6 

C 

0 

0. 0 

Apr. 15 .. . 

-do 

1 

42 

IB 

0 

.0 

July 2 - . . 


1 

r, 

V. 

0 

0 

July 27 

. do 

1 

2 

V 

0 

!o 

Nov. 3 . 

Grass., 

4 

1 

c 

0 

!o 

Total or averape 


59 

56 


0 

.0 









See footnotes at end of table. 
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Table 12 . — Number of Chactocnema denticulata infested with Aplanohacter stewarti 
at the Arlington Experiment Farm, Arlington, Va . — Continuod 


1937 


Date collected 

Host 

Insects jK‘r 
isolation 

Isolations 

Tyi>e of 
(riilture i 

Proportion of isola- 
tions yielditiK vl. 
stewarti 



Number 

Number 


Nu mber 

Percent 

J an . 8 . . ..... 

(.Irass-- 

1 

2r> 

A 

1 

\ 4.0 

.luly 19 . . 

do - . 

1 

50 

C 



Aiiu. 11. 

Sweet corn - . 

1 

25 

A 

i 

! 4. 0 

I>) 

(Jrasses .. . 

1 

25 

C 



Sept. If) ... 

Sweet corn 

1 

1 

A 

i 

100. 0 

Do 

(Irass.. 

1 

1 

C 



Oct. 12.. . 

-do .. 

1 

2 

C 



Do... . 

Grassy alfalfa. 

1 

7 

C 



Do 

. .do 


1 

C 



Nov. 8 

Weeds, etc. -- 

1 1 

:t5 

C 



'rotal or averajre . . 


ITfi 1 

~~I72 

.. 


1. 7 

(Irand total 


1 927 1 

“ 439 


1 



> A -Typical colonics oi Aplanabnefer stewarti: B— ulypical yellow colonies; C-mt colonies, 
i! Total nunih<?r of insects = insects per isolation X isolations. 


Table 13. -Number of Chaetocnema denticulata, from localities other than Arlington, 
Va., infested with Aplanohacter stewarti 




1934 









Insects 

Isola- 

tions 

Tyr»e 

Proportioti of 

Dole coIlecU'd 

Host 

Stale 

l)(*r iso- 

of cul- 

isolations yield- 




lalion 

tnre > 

ing A. stewarti 




Num- 

ber 

Nvm- 

her 


Num- 

ber 

Percent 


Oats . 

Gooruia... 

18 

1 

1 

A 

0 

0.0 

May 11 

Woods . 

Virginia.- 

1 

B 

0 

.0 

June 6 

(•orn 

New Jersey.. 

1 

1 


0 

.0 

1)0 

Oats . . 

Maryland 


4 

2B 

0 

.0 

July 11 -- 

Corn... 

Virginia 


41 

2B 

0 

.0 

Do 

_do 

. ...do.. ... 


50 

f 4A 

1 7B 

B 

0 

0 

0 

. 0 

.0 

.0 

July IS 

-do 

Connecticut... : 

10 

1 

July 19 

..do 

New York 

19 

1 

B 

0 

.0 

July 20. - 

.do 

-do 

1 

41 

IIB 

0 

.0 

July 21 

do 

Pennsylvania 

2 

1 

C 

0 

.0 

Aui?. 21 . . 

- .do 

North* (.^arolina 

106 

1 

C 

0 

.0 

Do 

-do .. 

Virginia 

1 

16 

r 3A 
( 3B 

1 

'> 

} 18.7 

Do 

do 

. -do 

2 

1 

A 

d 

.0 

A UR. 30 

do . 

-do 

1 

14 

6A 

5 

35. 7 

Do -. 

....do 

<lo 

;i 

1 

C 

0 

.0 

Sei>t. 6 

-do 

. .<lo 

1 


2A 

1 

14.2 

Oct. 15. . . 

Rye-.- 

Illinois . 

i 

10 

IB 

0 

.0 

'Potal or averaee . 




192~ 

.. 

9 

~V7 


iwin 


Apr. 2,. 


May 7 . 
May s 
Do. 
Do- 


June 7- 



Grass . . 

Virginia 

1 

1 

A 

0 

i 0. 0 

D- - .. 

.do..... 

Missouri 

1 

27 

r 

0 

.0 

[) 1 .... 

...do 

Indiana — 

1 

1 

V 

0 

.0 


. do 

North Carolina 

1 

1 

c 

0 

.0 


Oats . . 

- ..do -. 

3 

1 

c 

0 

.0 


Grass . 

. . do . - 

59 

1 

A 

0 

.0 


Corn - - - 

South Carolina.. 

28 

1 

B 

0 

.0 


do - 

do - 

3 

1 

C 

0 

.0 


...do— 

do 

3 

1 

C 

0 

.0 


Potato 

. do - . - 

a 

1 

C 

0 

.0 

0 

Corn 

North Carolina 

50 

1 

A 

0 

.0 

1. 

Grass 

Virfrinia 

4 

1 

C 

0 

.0 

5 

Oats - 

Maryland . . 

2 

1 

C 

0 

.0 

6 

Corn 

New* Jersey 

JO 

1 

A 

0 

.0 

8 

Grass 

Connecticut 

1 

1 

C 

0 

.0 

9 

(^orn. 

.. ...do 

2 

1 

C 

0 

.0 


.do 

Virginia . . 

1 

1 

B 

1 

100.0 


do 

do 

1 

1 

C 

0 

.0 


do 

North Carolina... .. 

10 

5 

C 

0 

.0 

) - 

do 

! do . 

7 

1 

C 

0 

.0 

) — 

do -- 

do — 

10 

3 

B 

0 

.0 


do ... 

do 1 

6 

1 

B 

0 

.0 


See footnotes at end of table. 
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Tablk 13.- Number of Chaetocnem a denticnlaiaf from, localities other than Arlington, 
Va., infested with Aplanobacter stewarti — Continued 
HWfi— Cont inuad 


Dab* collected 

Host 

State 

Insects 
per iso- 
lation 

Isola- 

tions 

Type 
of cul- 
ture > 

Proportion of 
isolations yicld- 
inp A . stewarti 

.June 11- 

Corn .. . 

Virginia-- . .. . 

Num- 

ber 

1 

Num- 

ber 

1 

C, 

Num- 

ber 

0 

Percent 

.0 

.June 2:i 

do 

Connecticut-- 

1 

1 

C 

0 

.0 

.July 10 
.luly 17- 



3 

1 

c 

0 

.0 

. ..do _ _ 

New York . 


1 

V 

0 

.0 

.July 18. 

. __(lo.-.- . 

Oonnw^ticut. 

10 

1 

V 

0 

.0 

.TulylO-.- 

.. .do 

New York- - 

9 

1 

c 

0 

.0 

July 20- . . 

- do 

Pennsylvania- 

1 


c 

0 

.0 

Au^. 10 

-do 

Massachusetts 

fi3 


c 

0 

.0 

Aur. 17. . 

. ..do.— 

Connecticut 

31 

1 

c 

0 

.0 

Do 

do 

-do 

.'ll 

1 


0 

.0 

Oct. K 

Orass 

Virpinia 

1 

7 

(' 

0 

.0 

Oct. 1.3 . 

Alfalfa 

Illinois 

1 

1 

c 

0 

.0 

Oct. 14. 

0 rass 

MiSvSouri.. 

2 

1 

c 

0 

.0 

Oct. I.". . 

Alfalfa 

KutLSas 

10 

1 

1 

c 

0 

.0 

Oct. 19. - 

Blueprass 

Indiana 

1 

c 

0 

.0 

'rot.Ml or aveniRC -- 




2 46.'’> 

7.') 


1 

1.3 


1930 


Apr. 20- - . 

Bluepra.ss. , 

Ohio 

1 


r IH 

1 3(’ 

} « 

0.0 

.Apr. 29 . . 

Kye. . .. 

Virpiiiia... 

1 

(5 

f' 

0 

.0 

Apr. .30 

V 

North (’arolina 

1 

1 

C 

0 

.0 

May 7 

VarioiLs 

Indiana 

1 

1 

c 

0 

.0 

May 13.. . 

(’orn 

do 

1 

1 

c 

0 

.0 

May 2(5 

do 

VirpiTMu . 

1 

2 

c 

0 

.0 

Do. .. . 

Bed clover .,.. 

New York .. 

2 


V 

0 

.0 

Do. ... . 

Alfalfa . ... 

... do 


1 

c 

0 

.0 

.May 27. 

Corn . 

.do 


1 

A 

1 

100.0 

.July 23 

.do 

Virpinia.. 




0 

.0 

Do ... 

.do .... 

-do 

I 

1 

C 

0 

.0 

.luly 29. 

. do 

Pennsylvania 


I 

r 

(.1 

.0 

Aup. 2(5 . 

do .. 

New York 

b 

2 

2H 

0 

.0 

SejO . 8 . . . 

.do—. 

Ohio 


1 

C 

0 

.0 

Oct. 0 

By(‘ . 

New York 

1 

1 

A 

1 

KKl.O 

Nov. 2 ... 

? .... 

Virpinia 


1 

(' 

0 

.0 

Total or av(*rape . 


. .. 

2 3(5 

2(5 



7. (5 



1937 






.Ian. 10 


Virpinia . 

1 

(5 

C 


0 (( 

.Jan. 28 

Grass 

htdiana 

I 

1 

C 

0 

.0 

Apr. 21 .. 

. ...do ,. 

Virpinia 

1 

3 

r 

0 

.0 

May 13. . . . 

1 (\)rn , 

North (’’arolinu . 

1 

I 

(' 

0 

.0 

.May 29. 

1 Sweet corn 

New Jersi^y 

1 

(5 

(’ 

0 

.0 

Do 

Field corn . . 

Maryland _ 

1 

1 

V 

0 

.0 

June 9 

Swe<',t corn 

New Jersey . 

1 

4 

If I A 

1 IB 

} • 

2.'!. 0 

Julys 

Field corn... 

do— 

30 

1 

c 

0 

.0 

July 19 

Sweet corn . 

1 ndiana 

1 

1 

c 

0 

.0 

July 21 

do V 

-do 

1 

1 

r 

0 

■ 0 

July 22 

Grass 

New Jersey ._ 

1 

32 

{ 4B 

} 

(5. 2 

Aup. 17.... 

Grassy corn.. 

Pennsylvania 

10 

4 

C 


.0 

Aup. 18- 

Swoot corn.. 

New A'ork 

4 

1 

r 

0 

.0 

Aup. 19 

do 

do 

(5 

1 

c 

0 

.tl 

Aup. 20 - 

Corn., - - 

. . (lo . - 

10 

4 

c 

0 

.0 

Do . 

(io 

do - 

8 

1 

c 

0 

.0 

Do- 

Field corn,. - . 

New Jersey 


1 

c 

0 

.0 

Sept. 2. 

Sweet corn 

New York , i 

1 

11 

fiA 

4 

30. 3 

Sept. 18 . 

Grass 

Ohio 

1 

10 

OB 

1 

10.0 

Sept. 23... 

- -do. - 

New Jersey 

1 

2f> 

4B 

1 

3.8 

Oct. f). 

Bye 

New York . 

1 

1 

C 

0 

.0 

Total or averapo... 



2 233 i 

117 

— 

9 

7.6 

Grand total 


‘ " 

1,079 

410 


21 j 











• A = Typical colonics of Aplanobacter stewarti; B^atypical yellow colonies; C*no colonies. 

* Total number of insects -insects per isolation X isolations. 
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Fifteen of the forty-four isolations of Aplanobacter stewarti from 
field-collected specimens of Chaeiocneina denticulata, or 34.1 percent, 
were heavy seedings, as compared with about 80 percent in the case of 
C. pulicaria. The other plates contained only a few colonies of 
A. stewarti or doubtful yellow colonies. Three heavy seedings of what 
appeared to be A, stewarti produced no infection on corn, even aftcT 
inoculations were repeated. Almost half of the C. denticulata speci- 
mens from which A. stewaHi was isolated were collectc^d from hosts 
other than corn. C. denticulata is not so abundant as C. pulicaria on 
corn at the Arlington farm and prefers fall panicum when it is avail- 
able, but it ranks next to C. pulicaria in number of field-collected 
adults from which A. stewarti was isolated. Apparently, C. denticulata 
does not furnish so favorable an environment for the wilt organism 
as does C, pulicaria. Possibly the organisms become less virulent 
when associated with C, denticulata. 

The maximum number e)f Chaetocnema denticulata adults yielding 
Ajdanobacter stewoHi was obtained in 1935 in a test of 97 adults that 
had been confined to infe^cted corn for 4 ela’^^s before the test. Fifty- 
nine, or 60.8 percent, of 97 aelults yieldeel cole)nies of A. stewarti, as 
enmpared with 47.8 percent of 23 C. denticulata adults under similar 
enneiitions in 1934 (0). 

OTHER INSECTS APPARENTLY CARRYING APLANOBACTER 

STEWARTI 

In addition to isolations from Chaetocnema pulicaria and fre)m C. 
denticulata, isolations of Aplanobacter stewarti were made from each of 
12 other species of insects collected in the field during 1934-37, in one 
or more instances. Wliethcr more isolations of A. stewarti woulel have 
been obtained from any of the 12 species if larger numbers of each 
had been tested is problematical. On the basis of the results so far 
obtained, none of the species from which A. stewarti has been isolated, 
except C. pulicaria and C. denticulata, can be considered as vectors of 
any importance under field conditions. The records on the isolations 
of A. stewarti obtained from several of the sj)ecics discussed in this 
section would not be presented had not some of these species, after 
being confined to infected corn in cages for several days, also yielded 
the wilt organism after being externally disinfected and tested in 
the usual way. The species involved are treated in the same order in 
which they are listed in table 6. It may be noted that A. stewarti 
was isolated from specimens of the smut- and pollen-feeding beetles 
Fhalacrus sp., Stilbu^s apicalis, and W. riduus. Although A. stewarti 
has not been isolated from the pollen cells of corn, the bacteria have 
been found mixed with pollen and have been isolated from the anther 
filaments and vascular tissue of the corn tassel (7). Just how A. stew- 
arti came to be present in these smut- and pollen-feeding beetles is not 
apparent, especially since very little wilt occurred in the location 
where the infected Phalacrus specimens were collected and most of 
the infested specimens of S. apicalis and S, viduus were collected in 
late fall long after corn pollen was available. 

The types of cultures obtained from the 12 species, other than 
Chcbetocnema pulicaria and (7. denticulata, indicate that these species 
may occasionally pick up the wilt organism and carry it internally in 

>3 In a previous publication (9), fall panicum {Panicum dichotomiflorum Mkhi.) was incorrectly referred 
to as Johnson grass {Sorghum halepense (li.) Pers.). 



May 15, 1940 Scasoml Development oj Bacterial Wilt oj Sweet Corn 677 


small numbers, but the high proportion of atypical colonies suggests 
unfavorable environmental conditions for the bacteria in these insects. 

CHAETOCNEMA CONFINISw 

During the 4-year period 1934-37, 238 isolations were made from 
1,289 adults of Chaetocnerna confinis and only 4 isolations of Aplano- 
bacter stewarti were obtained. These records were made during 1934 
and 1935, when identifications of this species were not so accurately 
made as in 1936 and 1937, and it seems quite probable that this species 
was confused with C. pulicariu during the early part of the work. 
From the records obtained it would appear that C. conjinis is not a 
vector of A. stewarti under field conditions. In feeding tests, however, 
in which adults were confined to infected corn in cages for several days 
and then tested by isolation in the usual manner, 48 isolations from 
128 adults of C. conjinis yielded 6 cultures of A, stewarti during 1935 
and 1936, indicating that this species did pick up the organism and 
carry it internally, for a short time at least, under the conditions of 
these tests. On the plates poured from suspensions of C. conjinis y 
there were either a few typic.al colonies of A. stewarti or atypical yellow 
colonies that upon inoculation into corn proved to be A, stewarti. 
Most of the cultures contained nothing resembling the wilt organism. 
All attempts to inoculates healthy corn by means of adults of this 
species, that had been confined to infected corn for several days, wer(‘ 
unsuccessful. 

DIABROTICA DUODECIMPUNCTATA 

Diabrotica duodecimpnnetata has long been considered important 
as a vector of Aplanobacter stewarti in the field, but if one may judge 
from the data obtained during the 4-year period 1934-37, its impor- 
tance has been overestimated. The writers have not previously 
confirmed direct summer dissemination of A. stewarti by D. duodecimo 
punctata as reported by Rand and Cash {10 y p. 30) y but have reported 
transmission of A. stewarti from infected to healthy corn only when 
the insects were confined in cages (.9). Not until 1935 was the wilt 
organism isolated from field collections of adults of Z>. duodecimo 
punctatOy when 54 isolations, made from 322 field -collected individuals, 
yielded 3 cultures of A. stewarti. During 1934, 20 isolations were 
made from 178 field-collected adults, which yielded no A. stewarti, 
and during 1936 and 1937, 40 isolations, made from 138 field-collected 
D. duodecimpunctatay yielded no A. stewarti. During the 4-year period 
1934-37, a total of 114 isolations were made from 638 field-collected 
D. duodecimpunctatay and these yielded only 3 cultures of A. stewarti. 
In addition, 13 isolations mi ad e from 14 adults of D. duodecimpnnetata 
that had fed on infected corn in cages for several days during 1934 and 
1935 yielded no A. stewarti. These data indicate that this species is 
not an important factor in the dissemination of bacterial wilt of corn 
under field conditions. On the plates poured from broth suspensions 
of D. duodecimpnnetata, only a few colonies of A. stewarti developed in 
mixed cultures. 

DISONYCHA GLABRATA »« 

One isolation from two individuals of Disonycha glabrata collected 
from infected corn at the Arlington farm, August 10, 1934, yielded 

Coleoptpra, Chrysomelidae. 

IS Coleoptera, Chryaomelidae. 

1® Coleoptera, Chrysomelidae, 

241204 — 40— *— 3 
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Aplanohacter stewarti. Plates poured from broth suspensions of this 
species showed light seedings of the wilt organism. This insect 
apparently is rarely found on corn, and these specimens may have been 
swept from Amaranthus sp. present in the corn field. Further studies 
arc necessary to determine its status as a vector of A. stewarti, 

EPITRIX CUCUMERIS 

During the 4-year period 1934-37, 121 isolations were made from 
1,150 adults of Epitrix cucumeris^ and 3 isolations of Aplanobacter 
stewarti were obtained during 1935 and 1936. The isolation of A, 
stewarti from this species during 1935 was obtained from 1 adult 
collected from oats near Burlington, N. *7., on May 16. In 1936, 1 
isolation of A, stewarti was obtained from 10 individuals and 1 from 7 
individuals, all collected from sweet corn at Selinsgrove, Pa., May 25. 
One of the plates poured from adults of E, cucumeris had a light seeding 
of A, stewarti^ but the other two showed only a few ycillow colonies that 
were not typical. 

PHALACRUS SP.>7 

Dui*ing 1936 and 1937, 34 isolations were made from 121 adults 
determined as Phalacrus sp. One culture of Aplanobacter ^stetvaHi was 
obtained from a broth suspension of 5 adults collected on corn at 
Genova, N. Y., August 28, 1937. The plates showed a heavy seeding 
of typical colonies of A, stewarti. No explanation is offered for an iso- 
lation of A, stewarti from a smut- and pollen-feeding beetle collected 
at a point where very little wilt occurred. No further tests have been 
made with this species. 

STILBUS APICALISI* 

During the 4-year period 1934-37, 20 isolations were made from 
148 individuals of Stilbus apicalis and 2 isolations of Aplanobacter 
stewarti were obtained, one from 2 individuals collected from infected 
com at the Arlington farm, September 5, 1934, and the other from 2 
individuals collected from alfalfa at the Arlington farm, November 5, 
1935. The plates poured from these latter 2 adults of S. apicalis 
gave mixed cultures of various organisms, but 1 atypical yellow colony 
was transferred which on inoculation into corn produced typical 
symptoms of bacterial wilt. No A, stewarti culture was obtained 
from 4 isolations made from 16 adults of S, apicalis that were confined 
to infected corn in cages for several days during 1935 and 1936. 
The above-mentioned isolation of A, stewarti, from a second pollen- 
feeding beetle, was made in the late fall. 

STILBUS VIDUUSi* 

During the 4-year period 1934-37, 45 isolations were made from 
225 adults of Stilbus viduus and 1 isolation of Aplanobacter stewarti 
was obtained. Tliis isolation was from 4 individuals collected from 
alfalfa at the Arlington farm, November 5, 1935. The plates poured 
from suspensions of 4 adults of S, viduus were similar to those already 
described for S, apicalis. As in the case of S, apicalis, this isolation 
of A, stewarti from a third pollen-feeding beetle also was made in 
late fall. In feeding tests to determine whether this insect would 
pick up the organism and carry it internally for a few hours at least, 
no culture of A, stewarti was obtained from 5 isolations made from 

OoUK>ptera»<Cbrysomelidae. 

17 Ooleoptera, Phalacridae. 

II Coleoptera, Pbalaoridae. 
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35 adults confined to infected corn for several days in cages during 
1936. 

NABIS PERUS15 

During the period 1934-37, 11 isolations wore made from 28 adults 
of Nabis /erus\ One isolation of Aplanobacter stewarti was obtained 
from 6 adults collected at the Arlington farm, April 16, 1936. One 
atypical yellow colony from a mixed culture produced wilt in corn. 
Seven isolations made from 42 individuals that had been confined to 
infected corn in cages for several days in 1935 and 1936 yielded no 
A. stewarti. Although N. Jerus is considered a predatory insect, 
after it had been starved for a few hours it was observed to puncture 
succulent corn loaves snd suck the juices from them; so it would be 
entirely possible for this species to carry the wilt organism internally. 
No explanation is offered for an isolation of A. stewarti from this 
insect collected April 16, before any infected corn plants were available 
in the field. 

ILLINOIA SOLANIFOLII20 

Fifty-nine isolations were made from a total of 415 individuals of 
Illmoia solanifolii during 1934 and 1935, and 1 isolation of Aplano- 
bacter stewarti was obtained. This record was secured during 1934 
from a collection of 48 individuals of this species made from an 
infected sweet corn plant at Burlington, N. J., on July 17. An 
atypical yellow colony produced wilt in corn. Additional tests were 
conducted in 1936, when 25 isolations were made from 250 individuals 
that had been confined to infected corn in cages for several days. 
No A. stewarti was obtained, and these comparatively meager data 
would indicate that this species is not an important vector of bacterial 
wilt of corn under field conditions. 

STIRELLtrS BICOLOR 21 

During 1934 and 1935, three isolations were made from seven 
individuals of Stirellus bicolor. In 1934 a light seeding of Aplano- 
bacter stewarti was obtained from one isolation from four adults col- 
lected from infected sweet corn at the Arlington farm, August 10. 
This species is not commonly found on corn and no further tests were 
made with it, except that one adult which had been confined to infected 
corn for several days during 1935 was found to yield no A. stewarti 
when tested in the usual manner. 

THAMNOTETTIX NIGRIFRONS** 

During the period 1934-36, 13 isolations were made from 221 
adults of Thammotettix nigrifrons. In 1934, 1 isolation, made from a 
collection of 26 adults from infected sweet corn at the Arlington 
farm, August 10, yielded Aplanobacter stewarti. Three typical yellow 
colonies of A. stewarti developed in a plate of white colonies. One 
isolation made from 9 adults that had been confined to infected corn 
for several days during 1935 yielded no A. stewarti. 

ANAPHOTHRIPS OBSCURUS" 

During the 3-year period 1934-36, 23 isolations were made from 
603 individuals of Anaphothrips obscurus. One isolation of Aplano- 

>• Hemiptera, Nabidae. 

, 20 Homoptera, Aphididao. 

21 Homoptera, Oicadellidae. 

22 Thysanoptora, Thripidao. 
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hacter stewarti was obtained from a collection of 17 individuals (not 
disinfected externally) found on an infected sweet-corn plant at 
Hempstead, N. Y., May 29, 1936. The plates showed a heavy seeding 
of atypical yellow colonies. No feeding tests on infected corn were 
made with this species, and its importance as a vector of A. stewarti 
under field conditions is undetermined. 

ADDITIONAL TESTS 

Since Aplanohacter stewarti had been isolated from field collections 
of several species of insects, most of the species discussed earlier in 
this paper and many others were confined to infected corn in cages 
for several days and then tested in the usual manner to determine 
which species might pick up the organism under such conditions. 
The species used in these tests arc included in table 0 and are desig- 
nated by footnote 3 of that table. In many instances, only a few 
individuals of a species were used for isolation after feeding on in- 
fected corn. It was very difficult to keep infecte^l corn plants in a 
suitable condition to be fed upon for several days by large numbers of 
insects confined in cages, and some of the species lived but a short 
time under these conditions. 

Specie's tested but not included in table 6, wt're Graphocephala 
?)ersuta (Say), Ilysteroneura setariae (Thos.), Anthononius sp., Frank- 
liniella unlliamsi Hood, and Peregrinus rriaidis (Ashm.). Tests of 
probable significance wece conducted with the following species, tlie 
re^sults of which have not been reported earlieT in this pape'r: 9 isola- 
tions from Aphis rnaidis made from 142 individuals; 3 isolations from 
Agallia constricta made from 28 individuals; 19 isolations from II. 
setariae made from 410 individuals; 2 isolations from P. niaidis made 
from 41 individuals; 3 isolations from F. williamsi made from 80 
individuals; 3 isolations from Lygus pratensis oblineatus (Say) made 
from 124 individuals. Aplanohacter stewarti was not obtained from 
any of these species. 

BACTERIAL WILT ON CORN RELATIVES 

Included with Zea mays in the tribe Tripsaceae arc the closest wild 
relatives of corn, Euchlaenaj or teosinte, and Tripsacum, or gama- 
grass. Zea mays and E. meiicarm Schrad. cross freely, and the hybrids 
are fertile. E. peren/nis Hitchc., the perennial species, crosses less 
readily with corn, and the hybrid plants are usually sterile. 

Euchlaena mexicanay the annual species, has been found (3) to be 
susceptible to natural infection with bacterial wilt in the field and to 
inoculation in the greenhouse by means of pure cultures or by feeding 
of infested corn flea beetles. The Florida form was the one observed 
and tested. This form has been reported (1) as producing less f fertile 
hybrids with corn than other forms of the annual species. Inocula- 
tions of three plants of E. perennis in the greenhouse, by introducing 
pure cultures of Aplanohacter stewarti into the leaf and base of the stalk, 
showed that this species also is susceptible to wilt infection. Young 
plants, 10 to 12 inches high, developed long water-soaked streaks and 
general wilting. One plant was dead a week after inoculation. 
Another, with a long wilt streak the length of one leaf, outgrew the 
infection. Seven plants of E. perennis were grown in the field at 
Arlington iarm next to heavily infected sweet corn, during the 1937 
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season. Local leaf lesions developed from natural infection on all 
of these plants. 

Tripsacum. is the next closc'st but mucli more distant relative of 
corn {2). Crosses with corn have only recently been made by using 
corn as th(> female plant, and the plants were sterile. Hitchcock {6) 
lists three spc'cies of Tripsacum as native to the United States. Two 
of these, T. dactyloides (L.) L. and T, lanceolatum Rupr. have been 
tested for susci'ptibility to wilt along with two other species with 
broadiu' leaves, T. pilosum (Scribn. and Merr.) from Amparo, Mexico, 
aud T. latifolium Hitchc. from Ilonduras.^^ T. dactyloides is widely 
distributed ovct the eastern part of the United vStatc's and grows wild 
at tlie Arlington farm and in other lu^arby places. No bacterial wilt 
lesions hav(‘ ever been found on any of ihcnc wild plants on or near 
the Arlington farm, although they were under observation for 4 
years 1934 37.^'^ Eighteen field inoculations of young growing 
shoots of th(*s(^ plants failed to produce any wilt symptoms. No wilt 
symptoms dev(4oped on either the Kansas or Maryland forms of 

T. dactyloides from six inoculations of each in the gi*oenhouse. Nor 
(lid any lesions (lev(4op on T. dactyloides in 1935 aftcu- apparently 
inh'sted adults of Chaeiocneiym pulicaria confiiu'd in cages in the grcnui- 
house had fed on the leaves. Seven inoculations each of young slioots 
and h‘av('s of T. lanceoUitum, T, latifolium^ and T. pilosum in th(‘ 
gr('enhous(‘ failed to produce any wilt symptoms. During th(^ 1936 
and 1937 growing seasons two plants each of 7’. lanceolatum^ T. lati- 
folium, and T. pilosum wc'n^ grown at the Arlington farm ju'xt to 
plots of inh'cted sweet corn. These gr(3W into large spi'caiding plants 
5 to 6 f(*et tall with many shoots and heaves. During both seasons 
C, pulicaria was observed fcHnling on all three species of Tripsamim, 
and old feeding injuries were numerous. No wilt h^sions (jould be 
found, howev(U*, on any of these plants, and no wilt developed from 
eight inoculations made on young leaves and shoots of each species 
in 1936. The hybrid Tripsacum dactyloides X Zea mays find plants 
of the corn parent have been tested by inoculation in the greenhouse. 
The corn parent was moderately susceptible to wilt. Typical wilt 
lesions (h^veloped throughout the length of the inoculated leaves of 
six plants. These leavers died, but the plants continued to grow 
normally without further* evidence of wilt, although pure cultures of 
the wilt organism had been introduced into th(^ stem. Ten plants 
of the corn parent wem grown in the ficdd at th(> Arlington farm beside 
infected sweet corn during the 1937 seavStm. All of these plants 
developed local wilt lesions on the outer halves of the leaves. Inocu- 
lations in the greenhouse of the one hybrid plant available produced 
no wilt symptoms. On June 10, 1937, this hybrid was planted in the 
field beside susceptible sweet corn. Insect-feeding injuries were 
observed during the season, and by the middle of September reddish- 
brown streaks one-fourth of an inch long on the leaves w^ ere found to 
contain abundant bacteria. Three isolations from these lesions gave 
typical colonies of Aplanobacter stewarti, which, on inoculation, 
produced wilt in susceptible sweet corn in ihv greenhouse. These 
lesions had apparently developed from insect-feeding injuries and 
did not increase further in size. 

Plants furnished by J. H. Kempton, Division of Cereal Crops and Diseases, Bureau of Plant Industry, 

U. 8. Department of Aericulturc. 

Dripgacurn dactyloides was later reported to bo a native host of Aplanobacter stewarti by Klhott and 
Robert (5). 
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Three Old World genera — Ooi/Xy Sclerachne, and Polytoca — belonging 
to the tribe Tripsaceae have been tested in the greenhouse and field . 
Coix lacrymafohi L. has previously been reported as a host for Ajdano- 
hacter stewarti when inoculated in the greenhouse (9). During the 
summer of 1935, 4 plants each of 3 varieties of C. lacrymafobiy^^ 
namely, Lackfoo, Glutiiious, and wild, were grown in the field at the 
Arlington farm next to infected sweet corn. No inoculations were 
made, but Chaeiocnema puliearia fed on the leaves throughout the 
season and typical long wilt streaks developed. During the 1930 
season 4 plants each of Sclerachne punciata R. Br. and Polytoca harhata, 
wStapf^^ and, in 1937, 30 plants of S. punciata were grown at the 
Arlington farm next to heavily infected sweet corn. Individuals of 
C. puliearia were observed feeding on these plants, and althougli feeding 
injuries were abundant on the leaves no wilt lesions developed and no 
bacteria coidd be found in or around the feeding injuries. Ten inocu- 
lations were made on young leaves and shoots of each species in 1930. 
The only evidence of any infection was a reddening of the veins of an 
inoculated leaf of Sclerachne for several inches beyond the leaf injuiy. 
Two inches below the point of inocula tion the veins were full of bac- 
teria. A, stewarti was reisolated and produced wilt on corn. The 
lesion was slight, however, and the infection did not progress further. 
Later in 1936, 2 sets of 4 inoculations each were made on young shoots 
of Polytoca and Sclerachne in the greenhouse. No will symptoms 
developed on the young shoots of the former. The inoculated shoots 
and loaves of Sclerachne dried and died. The leaf veins and fibro- 
vascular bundles of the stalk were full of ba(*teria, and A. stewarti was 
reisolated from both. As stated above, no natural infection developed 
in the field the following summer. 

The next tribe, the Andropogoneao, is not widely separated from the 
Tripsaceae (2). The various forms of maize completely bridge the g:ap 
between the two tribes. Two genera of considerable ec'onomic im- 
portance, Saccharum officinarum L. and Sorghum vulgare Pers. (Holcus 
sorghum L.) have been tested for susceptibility to wilt by the senior 
author and by other investigators. 

In 1935 Ivanoff {8) reported that inoculations in the greenhouse on 
Sorghum vulgare, varieties Waconia (Rox) Orange sorgo, Blackhull kafir, 
darso. Dwarf Yellow milo, Kansas Orange sorgo. Gooseneck sorgo, aiul 
Red Amber sorgo, produced reddening of infected veins and in some 
erases yellowing of the leaf tissue outside the red areas. Aplanobacter 
stewarti was reisolated from these lesions. No leaf symptoms resulted 
from 2 inoculations in the field of over 1,000 plants of Waconia Orange 
sorgo and Kansas Orange soigo. Red bundles appeared in the stalks of 
Waconia Orange but not in Kansas Orange. In 1 series of field inocu- 
lations on 300 Sudan grass plants, ‘'only a small percentage of the 
plants showed any ^mptoms^' and “these symptoms were not con- 
sidered striking.'^ In another set of inoculations symptoms were 
similar to those on com. Ivanoff was not able to produce any infec- 
tion in 25 inoculated sugarcane plants. 

Similar tests for susceptibility to bacterial wilt have been carried 
on by the senior author in the greenhouse and in the field at the 

Seed from the Plant Pathology Laboratory, Bureau of Plant Industry, Manila, P. I. 

Seed from Dr. Paul Weather wax. Grown on campus of Indiana University, 1935; original seeds from 
Poona, India. 

Seed from Dr. Paul Weatherwax, Indiana University. Grown at Bloomington, Ind. , 1935; original seed 
from Buitenzorg, Java. 
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Arlington farm. The following genera and species were inoculated in 
the greeidiouse: Sorghum halepense (L.) Pers. (Johnson grass); S. 
imlgare sudanense (Piper) Hitchc. (Sudan grass); certain commercial 
varieties of S, vulgare, namely, Wliite durra, hegari, Blackhull kafir, 
Dawn kafir, Blackhull kaoliang, Manchu Brown kaoliang, Standard 
Yellow milo, Dwarf White milo. Dwarf Yellow milo, Colnian sorgo, 
Dakota Amber sorgo, Folger sorgo. Orange sorgo. Sumac sorgo. Black 
Amber sorgo, shallu, Spur feterita, Leoti Ked sorgo, Fargo Straight- 
neck milo, Evergreen Standard broomcorn, and darso; and 13 culti- 
vated varieties of Saccharum officinarum,^^ namely, D-74,^® Louisiana 
Purple, C. P. 807, C. P. 29-291, C. P. 28-19, C. P. 29-320, C. P. 
29 1 16, Co. 290, Co. 281, P. O. J. 36M, P. O. J. 234, P. O. J. 213, and 
Uba. 

No infection developed on Johnson grass or Sudan grass. All of 
the inoculated sorghum plants were stunted as compared with unin- 
oculated checks, probably owing to injury. In 7 of the varieties the 
central shoot was killed and side shoots developed. In 8 of the varie- 
ties reddening of injured veins developed, and in 4 cases there was 
slight yellowing of the tissue along these veins. Isolations from such 
lesions on hegari gave yellow colonies which did not produce wilt in 
sweet com. Isolations from red veins of 11 other varieties of sorghum 
gave negative results. There was also some reddening of bundles of 
the stalk, mostly in the inoculated internode. The sorghum plants 
all outgrew the effects of inoculation and produced heads, whereas 
the susceptible corn plants succumbed to the disease. On sugarcane 
slight yellowing of leaf veins developed on some of the plants, but the 
plants soon outgrew any symptoms of injuiy and bacteria were not 
found in the veins except about the point of inoculation. 

With the exception of the sugarcane varieties, 6-foot rows of 12 
plants each of the foregoing genera, species, and varieties of corn 
relatives were planted in the field at the Arlington farm early in June 
1935, in the same plot with sweet corn, which during the season was 
destroyed by wilt. Inoculations of 6 plants of each variety were 
made in the same way as in the greenhouse, and in addition notes 
were taken on insect-feeding injuries and natural infection. No infec- 
tions resulted from inoculations on Johnson grass. In some of the 
sorghums reddening of the veins and yellowing of tissue along the 
veins developed for an inch or two beyond the inoculation injuries; 
but no bacteria were isolated, the lesions did not develop further, and 
the plants grew normally. Corn flea beetles were abundant during 
the 1935 season and were observed feeding to some extent on all of 
the varieties tested. ‘Throughout the season, however, no signs 
of wilt appeared on any of the plants. On Euchlaena and Coix^ grow- 
ing nearby, typical long wilt streaks developed. Bacteria were 
abundant in the lesions and Aplanobacter stewarti was isolated from 
both genera. 

Manisuris cylindrica (Michx.) Kuntze, another of the Andropogo- 
neae, developed no wilt symptoms from inoculations in the green- 
house or from 12 inoculations in the field. In 1936, 12 large plants 
and in 1937, 2 clumps of plants grew next to heavily infected sweet 

Plants supplied by R. D. Rands and E. Dopp, of tho Division of Sugar Plant Investigations, Bureau of 
Plant Industry, U. S. Department of Agriculture. , , , 

*0 The letters designating the sugarcane varieties indicate experiment stations where tho varieties were 
developed: D>»Demerara; C. P.*Canal Point, Barbados; Co. “Coimbatore; P. O. J. “Proof station Ost, 
Java. 
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corn in the field. Individuals of Chaetocnema pulicaria were observed 
feeding on the leaves, and feeding injuries were present on the outer 
halves of many leaves; but no natural infections developed and no 
bacteria could be found in or around the insect-feeding injuries. 

Setaria glauca^ in the Paniceae, the next tribe of the Gramineae, 
has been reported by Ivanoff (7) as developing white or tan stripes 
after inoculation in the greenhouse. Six field and four greenhouse 
inoculations of this species at the Arlington farm did not produce 
bacterial wilt symptoms. 

The results of the inoculations at Arlington farm indicate that yellow 
bristle grass (Setaria lutescens), Johnson grass, Sudan grass, sugar- 
cane, Manisuris cylindrical Tripsacum species, Polytoca^ and probably 
Sclerachne are not natural hosts of Aplanobacter stewarti^ although 
slight reddening or yellowing of fibro vascular bundles may result 
from greenhouse inoculations. In the opinion of the senior author 
plants that show no wilt symptoms when inoculated in the field or 
when subjected to feeding by Chaetocnema pulicaria can scarcely be 
considered as host plants of A, stewartL 

Species and varieties of Coix and Euchlaena are the only ones found 
up to the present time at the Arlington farm that have developed 
typical wilt symptoms from artificial as well as natural inoculation. 
Of the native American genera and species, Euchlaena mex/icana^ tlie 
closest relative of corn, is the one most susceptible to infection. E. 
perennisy less closely related to corn, is somewhat less susceptible. 
Tripsacum species, the next closest relatives, have been immune to 
wilt in these experiments. 


SUMMARY 

At the Arlington Experiment Farm, near Wasliington, D. C., in 
1934, 1935, and 1937, bacterial wilt was abundant and destructive. 
Sixty to eighty percent of the susceptible Golden Bantam sweet corn 
plants became infected in the early leaf stage, and as a result many of 
the plants were stunted or killed and relatively few marketable ears 
were harvested. The wilt situation in 1936 was quite different. 
There was very little infection in the early leaf stage, and although 
infection became general as the season advanced most of the lesions 
did not develop beyond local leaf infections. The time for material 
injury to the sweet com crop had passed, and a good crop of market- 
able ears was harvested. 

The mean temperature for December, January, and February, 
1933-34, at Washington, D. C., was slightly below the mean normal 
of 35.1°, but well above 32° F. In 1934-35 the mean winter tempera- 
ture was slightly above normal. In 1935-36 the winter was much 
colder, the average temperature falling slightly below 32°. In 1936-37 
the average was above 40°. 

At the Arlington farm in 1934, 1935, and 1937 adults of Chaetocnema 
pulicaria were abundant early in the season on young corn plants. 
In 1936, these beetles were much less abundant in May and June. 
By July 15 they showed a noticeable increase in numbers, and by 
August 15 they were abundant on the corn plants. In 1937, at the 
Arhngton farm, adults of <7. pulicaria again were abundant on com 
early in the season. 

. At Geneva, N. Y., not a single wilt lesion was found in 1936, but 
in 1937, 11 percent of the susceptible Golden Bantam plants were 
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infected. In 1936 mean winter temperatures at Gtmeva were below 
32° F., whereas in 1937 they were well above 32°, Upon three occa- 
sions (when weather conditions were not most favorable for collecting 
this species), no specimens of Chaetocnema pulicaria were found at 
Geneva in 1936, but late in August some evidence of feeding by tliis 
insect was observed, indicating that this species was present in small 
numbers at this time. Fifty-seven specimens of C. pulicaria were 
collected at Geneva in late August 1937, and IS percent of these were 
found to be infested with Aplanobacter stewarti. 

At Yonkers, N. Y., in 1935, 9 percent of the early planting of sus- 
ceptible Golden Bantam plants were infected and 3 percent of these 
were killed. In 1936 no wilt was found by the middle of June on 700 
Golden Bantam plants. By the middle of August, 4 percent were 
found infected. In 1937, 5 percent were infected early in the growth 
of the plants and 99 percent when the plants were mature or in silk. 

On Long Island in 1930 there was little wilt early in the season but 
abundant wilt by the middle of August. Wilt records for 1937 show 
more early infection than in 1936. In New York City mean winter 
temperatures for 1936 were below 30° F. and for 1937 above 38°. 

During the 4-year period 1934 -37, 28,769 insects representing 94 
species belonging to 76 genera, were tested for Aplanobacter stewarti 
to determine which species, and what proportion of each, carry the 
wilt organism internally and may be vectors of bacterial wilt under 
field conditions. Results obtained by testing 18,613 individuals of 
Chaetocnema pulicaHa during the 4 years indicate that it is the only 
species of importance in harboring the wilt organism over winter and 
also in spreading the disease during the corn growing season. 

Chaetocnema denticulata may possibly play some part in wilt dis- 
semination, but at the Arlington farm it is not so abundant as C. 
pulicaria and it feeds preferably on panic grass. Wliile Aplanobacter 
stewarti sometimes occurs in abundance in C. denticulata^ wliicli ranks 
next to C. pulicaria in numbers of adults from wliicli A. stewarti has 
been isolated, C. denticulata is apparently not a close second in im- 
portance to C. pulicaria and it is doubtful whether the wilt organism 
ever overwinters in adults of C. denticulata. 

From results obtained, none of the other species from which Aplano- 
bacter stewarti has been isolated can be considered vectors of any im- 
portance under field conditions. It seems to be quite possible for 
insects that occasionally feed on corn to pick up A. stewarti from in- 
fected plants, but judging from the type of cultures obtained, these 
insects do not furnish a favorable environment for the bacteria and 
are apparently of no importance in the spread of bacterial wilt. 

In the species of Chaetocnema the proportion of infested beetles has 
usually been greater when the insects were caged on infected corn than 
when they were collected from the field. In 1934, Aplanobacter 
stewarti was isolated from 56 to 68 percent of the Chaetocnema pulicaria 
individuals caged on infected com and in 1935 from 60 to 95 percent: 
in 1934, it was isolated from 48 percent of the caged individuals of 
C. denticulata and in 1935 from 61 percent. 

Further proof of the overwintering of Aplanobacter stewarti in 
hibernating adults of Chaetocnema pulicaria was obtained. Seven 
beetles coflected March 16, 1936, were fed on corn plants in the 
greenhouse, and typical wilt symptoms developed. A. stewarti was 
isolated from (7. pulicaria collected at the Arlington farm in every 
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month of tlie year except February during the 4-year period, and one 
isolation was made from beetles collected February 26, 1936, at 
Norfolk, Va. 

Early- and late-season isolations from Chaetocnema jmlicaria from 
other localities have shown that overwintering adults of (7. pulicaria 
are more or less infested with Aplanobacter steward in all sections of 
the country where wilt is prevalent and isolations have been made. 

In studies of the host range of Aplanobacter steward^ inoculations in 
the greenhouse on rapidly growing young plants may cause stunting 
and some discoloration along the veins. If, however, such lesions or dis- 
colorations do not progress and if new shoots can develop and grow 
normally without further evidence of infection, such plants should 
be tested further by being subjected to natural infection in the field. 
If these plants, growing under natural conditions in the field next to 
heavily infected sweet corn and injured by feeding of adults of Chae- 
tocnema pulicaria wliich were spreading the infection on corn and 
many of which were undoubtedly infested, show no signs of bacterial 
wilt they can scarcely be considered hosts for the bacterial wilt or- 
ganism. Kuchlaena perennisj in addition to K. mexicana and Coix 
lacryma-jobi already reported, was found to be susceptible to in- 
fection with the wilt organism. Tripsacum dactyloides^ T. pilosum^ 
T. lanceolatu/my and 7\ ladfolium were immune to wilt in these experi- 
ments. Other genera and species tested did not develop typical 
wilt symptoms. 
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GENETIC AND CYTOLOGIC STUDIES OF A BRACHYTIC 
MUTATION IN BARLEY ^ 

By S. P. Swenson * 

P'ormerly research assistant in plant aenetics, Minnesota Agricultural Experiment 

Station 

INTRODUCTION 

Studies of the action of genes from the time they enter tlu’! gametes 
until they produce their final effects on the characters of mature 
individuals are still in an elementary state of development. Genes 
having a marked effect on size characters furnish excellent material 
for studies of this nature, especially if a single gene may be studied 
by itself. 

In 1929 genetic studies were begun at the Minnesota Agricultural 
Experiment Station on a dwarf barley which had arisen spontaneously 
as a mutation in a plot of Himalaya barley grown by Dr. L. J. Stadler 
at the Missouri Agricultural Experiment Station. Dr. F. J. Stevenson, 
then in charge of barley genetics at the Minnesota station, began these 
studies for the purpose of determining the linkage relationships of the 
gene producing the dwarfed condition. 

In correspondence with Stevenson, Stadler described the mutation 
as follows: ^^A shortened plant with short leaves, short awns, and 
short internodes, something like brachytic corn but far less extreme. 
It is distinct enough to be easily separated, and equal in viability to 
the normal. Aside from its shortened appearance, the mutation is 
very similar to Himalaya, which is a six-rowed, rough-awned, and 
hulless variety, grown commercially to some extent in the western 
part of the United States. The new dwarf was given the name 
Brachytic, and the notation hr has been used by Powers (28Y for the 
gene. A comparison of the general appearance of Brachytic and 
Himalaya is shown in figure 1. ^ 

The studies were continued later by Powers {28), who reported on 
the mode of inheritance of the brachytic character. The studies re- 
ported in this paper on the cytological and histological nature of the 
brachy tic character were suggested by Powers in 1932, and the data on 
the linkage relationships of the brachytic gene were turned over to 
the writer by Powers in 1935, 

The following considerations are presented in this paper: (1) Fur- 
ther studies on the inheritance of the brachytic habit of growth; 
(2) the linkage relationships of the gene for brachytic; (3) the cyto- 
logical nature of the mutation, whether it is the result of a gene 

1 Received for publication June 3, 1939. Presented to the faculty of the graduate school of the University 
of Minnesota in partial fulflllraont of the requirements for the degree of doctor of philosophy. Paper No. 
1714 of the Journal Series, Minnesota Agricultural Experiment Station. 

* The writer wishes to express his sincere appreciation to Dr. F. H. Immer for kindly criticisms and help- 
ful suggestions during the preparation of the manuscript and to Dr. L. U. Powers for suggestions and con- 
tributions of material during the course of the experiment. 

3 Italic numbers in parentheses refer to Literature Cited, p. 711. 
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FicuiiE 1, — Comparison of plants of Himalaya (A) and Brachytic (H). 


mutation or a chromosomal change; and (4) the nature of the action 
of the brachytic gene with respect to plant and organ sizc^, cell size 
and number, growth rate, and frequency of cell division. 

REVIEW OF LITERATURE 

THE INHERITANCE OF SIZE CHARACTERS 

The classic work on genes affecting plant size is that of Kccble and 
Pcllew {16)j who showed that two factors were involved in differen- 
tiating between a short and a very tall race of peas. In general, 
size characters have been found to be affected by several or a large 
number of factors, according to the multiple-factor hypothesis ad- 
vanced by Nilsson-Ehle {^6) and East {5), However, a few size 
characters, determined by only one or a few genes, have been studied 
in plants. 

Linkage between factors for q^uantitative or size characters and 
factors for qualitative characters has been demonstrated by Sax (S^) 
andSirks (S8) in beans, Lindstrom (20) in tomatoes, and Kempton 
(16, 17) in maize. The character studied by Kempton was a brachytic 
variation, similar in behavior to the brachytic character in barley 
which is being discussed in this p^er. ySimilar types of linkage in 
barley have been reported by Griffee (If), Neatby {25)1 Wexelson 
(43, 44 ) f Powers and suggested by Robertson and Austin {30): 
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LINKAGE RELATIONSHIPS IN BARLEY 

The literature on linkage relationships in barley has been reviewed 
(extensively in a recent paper by Robertson (29). It thei^iore seems 
unnecessary to review it further than to state that, according to 
Robertson, all of the expected seven linkage groups have been estab- 
lished and that throe or more factors have been located in each group. 
Powers (28) showed that the factor pair for normal vs. brachytic habit 
of growth (Br br) was independent of the factor pairs for non-six- 
rowed vs. six-rowed spike (V r) and black vs. white lemma and pericarp 
(B b) in the first and second linkage groups, respectively. 

MEIOSIS AND CHROMOSOME NUMBER IN BARLEY 

As far as the writ(^r is avrarc^ no d(‘tail(‘d studies have been made of 
meiosis in barley. Griffec' (11) found that the somatic (diromosome 
numbi'T was 14 in cultivated barleys. His counts liave be(Mi sub- 
stantiated by GrifFee (12) and Aasc and Powers (1). 

CELL SIZE IN RELATION TO PLANT AND ORGAN SIZE 

Th(' literature pertaining to the redationship of cell sia56 to organ 
and body size* in both plants and animals has been rOTlieWed in detail 
by Baih'y and Tupper (2). Sinnott (36) also haS' presented a com- 
])r(diensive revic^w of studi('S on cell size and dbapfe in plants. 

The ndationship of cell size to dwarfii^ or nanism has been in- 
v('stigated by Gauchcry (7) and Sieap (SS). Gaucherry concluded that 
dwarfs often liavc smaller calls bot that different tissues react very 
diffcTtmtly to conditions^ dwarfism. Si(U*p called attention 

to th(‘ necessity of distingtiishing b(>tween depauperate plants and 
ti’ue constitutional dwarfs. The former have smalhu* c(dls than 
normal. He recognized three classes of inherited dwarfing: dwarfs of 
Pisum^ Solanum, Zea^ and Clarkiay having smaller cells than normal ; 
Nigettay larger than normal; and Mirabilis and LathyriSy normal. 

GROWTH RATES AND GENETIC FACTORS 

According to Sinnott and Dunn (37), difFcu-encc's in siz(^ may I)e 
corrida ted with differences in rate of growth, length of the growth 
])("riod, or both. Goldschmidt (9) has postulated factors which deter- 
mine tiie rate at which developmental processes occur and has recently 
(10) discussed this subject in more detail. 

MATERIALS AND METHODS 

INHERITANCE OF THE BRACHYTIC CHARACTER 

Data on the inheritance of the brachytic character wtu’(» takim from 
all the crosses used in determining the linkage relationships of the 
brachytic gene. A small F 2 population of Brachytic X Himalaya 
also was studied. 

LINKAGE RELATIONSHIPS OF THE GENE FOR BRACHYTIC (6r) 

Six varieties and strains were crossi'd with Brachytic in order to 
test for linkage of the brachytic gene in all of the seven linkage groups. 
These varieties and strains with the characters studied and the years 
and generations in which the studies were made are presented in 
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tabl(5 1. With respect to the characters used, the genotype of 
Brachytic then would be m bb nn kk 00 Xc Xc 

The crosses with Bl, B3, B4, and Orange Lemma had biuui madii 
in 1930 and 1931 by F. J. Stevenson and L. R. Powers, and wore 
classified and studied by the latter in the F2 generation with the aid of 
the writer. The cross with Bl was subjected to an F3 progeny 
test by Powers in 1934. The crosses with Colscss IV and Colsess V, 
obtained from D. W. Robertson of the Colorado Agricultural Expe^ri- 
m(>nt Station, were made in the gnMUiliouse in 1933, and the Fj gem^ra- 
tion was grown in the field during the sumimrr of tlie same year. 
When an association was found in 1934 betwee^n tlie brachytic gc'ue 
(6r) and the dominant normal allel (F^) of the chlorina geiu* in (^olsc'ss 
V, 130 F2 plants of this cross were saved for an F3 population in 1935 
on the basis of the genotype exhibitcid m the F2 geiu'ration. 


Table 1. — Contrasting characters and varieties or strains used to test for the linkage 
relationships of the gene for brachytic (hr) 


(^mtrasting character 

Symbol 

liiukage 

group 

.Non-six>rowed spike .. 

V 

I 

Black lemma and jiericarp 

H 

11 

Covered caryopsis . . 

N 

III 

Hooded lemma. 

K 

IV 

Orange lemma 

0 

V 

Xantha seedlings 

Xr 

VI 

Chlorina seedlings 

/« 

VII 


Variety or strain 


in,. 

m 

B4 

Bl 

B3 


Orange lemma. 


Orange lemma 

Colsess IV (heterozygous) 
ColsessV 


Generation and year 


Kj, 1U:12: F 3 , 1934.' 
I-'2, ]932.a 
Vi, 1931 and 1933. 
F*, 1932: Fi, 1934.J 
F 2 , 1932.* 

Fi, 1931 and 1933. 
F 2 , 1932. 

F2,1932.» 

F:. 1932. 

F 2 , 1934. 

F 2 , 1934; F», 1935. 


> Reported by Powers (S8). 

* From unpublished data of Powers and Swenson. 


All characters except xantha and chlorina seedlings were classifi- 
able in the laboratory. Xantha seedlings were counted as soon as 
th(?y emerged since they died soon after emergence. Clilorina seed- 
lings were marked in the field by placing stakes close to the seedlings 
when they emerged since the chlorina character is often difficult to 
classify when the plants become more mature. In the crosses of 
Colsess IV and Colsess V with Brachytic, the classification of the 
brachytic character also was made in the field. 

COMPARISON OF CHROMOSOME BEHAVIOR AND NUMBER IN BRACHYTIC 
AND NORMAL STRAINS OP BARLEY 

Three Fi plants from the cross B4 X Brachytic and one Fi plant 
from the cross Brachytic X Himalaya were available for cytologic 
studies in 1932 and 1934 respectively. Spikes with anthers con- 
taining the various stages of meiosis were killed in acetic alcohol and 
transferred after 12 hours to 70 percent alcohol, according to the 
method outlined by McClintock (21), Preparations were made by 
the. acetocarmine smear method as described by McClintock (22 ^ 23), 
In 1932 seed from 24 F2 plants of B4 X Brachytic and from the 
parents was space-planted in 6-foot rows to facilitate individual plant 
studies. Cytological material was taken at random from one row of 
each parent and from three different Fg lines — ^homozygous normal, 
homozygous brachytic, and heterozygous normal X brachytic. In- 
dividu^ florets with anthers containing the various stages of meiosis 
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were isolated, special attention being paid to the quartet stage. The 
florets were killed and fixed in Alienas modification of Bouin^s solution 
and embedded in paraffin blocks according to the schedule outlined 
by LaCour (18), Sections were cut 12.5 /z. thick and stained by 
Newton^s gentian -violet method. Several flor(»ts from the same plant 
were embedded in the same block and oriented so longitudinal sections 
of the anther could be made. This provided a larger amount of 
material in side view which facilitates the examination and counting 
of the young microspores (27). 

Seed from 1932 plants selected on the basis of high and low frequency 
of micronuclei was planted in 1933 and cytological material taken as 
in 1932. Similarly, in 1934 high and low selections from 1933 were 
grown, but instead of embedding and cutting, entire spikes were killed 
in acetic alcohol and transferred to 70-percent alcohol, later to l)e 
studied l)y the smear method. Himalaya from seed furnished by 
Stadler was added to the study for comparison with Brachytic in 1933. 

The counts of micronuclci were in nearly all cases niade on im- 
mature microspores grouped in quartets. In a few plants, however, 
the microspon^s had broken apart, but since the nuclear material 
stained well, they could be studied quite readily. Microspores 
through which the knife had passed w(‘re ignored and only micro- 
nuclei embedded in cytoplasm were included in the counts. One 
thousand microspores were counted in each plant. 

COMPARISON OF HIMALAYA AND BRACHYTIC 

Himalaya, the variety from which Brachytic arose, has been used 
in all the comparisons made for the purpose of determining the nature 
of the effect of the brachytic gene on the brachytic character. In so 
doing, it has been possible to compare Brachytic directly with its 
progenitor. 

Uross morphological characters. — Twenty-five plants of each strain, 
grown under comparable conditions in 1933, were selected for com- 
parison of length of awns, weight of seed, number of seeds, and weight 
per seed. Five plants of each strain were selected for comparisons of 
height of plants, distance between ligules, and length of leaves. 

Size of 2)lantSy organs, and cells in plants grooving in the field . — In 
1933, two pairs of comparable plants of Himalaya and Brachytic were 
collected on June 14 and June 20, respectively, and preserved in the 
formalin acetic alcohol solution described by Chamberlain (-J, p. 21). 
Measurements were made of total length of different parts, number 
and length of epidermal cells in different parts, and number and length 
of parenchyma cells in' the culm (fig. 2, A, B, C, D). By dividing 
the total length of a part by the total number of cells from end to 
end, it was possible to ascertain the mean length of the cells. This 
method also provided a more or less absolute comparison of the total 
number of cells in plants of the two varieties. 

Pairs of comparable leaves from Himalaya and Brachytic were 
collected from time to time and preserved in formalin acetic alcohol. 
Eight pairs of these leaves were later measured for length and width 
of blade and for length and width of upper epidermal cells (fig. 2, C). 

Leaf width was determined by taking measurements at three differ- 
ent points along the leaf ; the first just above the ligule, the second at the 
widest point of the leaf, and the last about 1 cm. from the tip. These 
points have been designated as the basal, middle, and terminal 
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regions, respectively. Cells in the stomatal zones wore the most 
clearly defined and therefore were selected for measurement (fig. 2, C), 
Cell length was determined by counting the number of cells involved 
in spanning the diameter of a microscopic field provided by a 10 X 
objective with 12.5 oculars and converting to n by dividing the diam- 
eter of the field by the number of cells. Three determinations were 
made at each of the three points where leaf width was measured, the 
mean of the three serving as the final value for each point. Cell 
width was obtained from the mean width of 10 cells in the stomatal 


A 





D 



Figuhe 2. — C, Epidermal cells in the in ter node, leaf sheath, and upper 
epidermis of the leaf respectively, X 75; Z), parenchyma cells in the internode 
of the culm, X 150. 


zones at each of the three points, as measured by the eyepiece 
micrometer. 

Staining was found to be unnecessary in making the above studies. 
Keeping the material soaked on the slide with 50-percent alcohol 
rendered it satisfactory for clear definition of the cells. 

Size of organs and cells in the 'plumules and primar'g roots. — Seeds of 
Himalaya and Brachytic were arranged on a blotter as shown in 
figure 3 and allowed to germinate in a germinating oven held at 70° F. 
Beginning on the second day, material was taken daily on 5 successive 
days from different rows on the blotter. This provided 3 plants of 
each variety on each day. On the second dav, only primary roots 
were available, but from the third day on, plumules also could be 
taken from the same plants. Length measurements were made and 
segments about 8 mm. long were cut from the middle and terminal 
regions of the root and from the basal, middle, and terminal regions 
of the plumule. The segments from the basal and middle regions of 
the plumule provided material from both the coleop tile and primary 
leaf whereas the terminal segment included only the primary leaf. 
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The segments were killed and fixed in Navaschin^s fluid {18) and 
cut into paraffin sections 10 /n thick. Satisfactory staining of both 
the chromatin material and the cell walls was accomplished by using 
gentian violet followed by a 1-percent aqueous solution of Congo red 


ROW COLUMN 



Fkjurk 3. — Arrangement of seed on the blotter for comparing length of plumule 
and primary root in relation to cell size and frequency of mitosis in Himalaya (H) 
and Brachytic (B). 

Measurements of cell length, taken as in the leaves, were made in 
the coleoptihis and primary leaves of 12 plants of each variety (fig. 4, 
Ay B ) . This represents 4 different rows (dates), 3 plants of each variety 
per row. For the coleoptih' a 10 X objective was used, whereas in 



Fioure 4. — Ay Parenchyma cells in the coleoptile and primary leaf, X 125; B, 
parenchyma cells in the primary leaf, X 1,125. 

the primary leaf, which has much smaller cells, a 90 X oil-immersion 
objective was found most suitable. The mean cell length from 10 
sections in each of the regions was used as the final value for the 
region. 

Nine plants representing three different rows (dates) for each variety 
were used in studies of the primary roots. Cell width was determined 


241204—40 4 
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by measuring the width of the root in longitudinal section and divid- 
ing by the number of rows of cells across the root. Means based on 
five sections from each region were used as final values. Cell length in 
the middle region was obtained as in the colooptile except that only 
five sections were used. In the root tip a cell-number gradient was 
obtained by counting the number of cells spanning the microscopic 
field beginning at the tip and progressing back, 1 field at a time for a 
distance of 12 fields. Three such determinations were made in each 
of the five sections per plant with a 45 X objective and 12.5 oculars, 
the mean of the 15 determinations serving as the final value of each 
plant. 

Daily growth increments. — The five plants used for the comparison 
of gross morphological characters of Himalava and Brachytic also 
were mcasunHl for the purpose of determining the relative daily growth 
increments of the two strains. Measurements of height up to the tip 
of the uppc'T leaf were taken at 2- to 6-day intervals from May 20 to 
June 20. 

Frequency of mitosis. — The root tips were studied further for fre- 
quency of mitosis in the meristematic region. All stages of mitosis 
were counted in the five sections of each plant where the cell number 
gradient was determined. Length of the meristematic region was cal- 
culated from the numlxu* of microscopic fields traversed to include its 
length wher(‘as width was mc'asurcd directly with the eyepiece microme- 
ter. It was therefore possible to calculate the approximate area and 
determine the number of mitoses per section and per square millimeter. 

STATISTICAL METHODS 

Tests for goodness of fit of observed to theoretical ratios were made 
by the use of for goodness of lit. x* for independence was used for 
testing for independence or association between the factor pair for 
normal versus brachytic and the factor pairs employed as testers in 
the different linkage groups. The corresponding P values were ob- 
tained from Fisher ^s (6*) table of x^. 

The formulae for calculating linkage intensities were obtained from 
the publications of Immer (13 j H). The F3 population of Colsess V X 
Brachytic was selected in such a manner that the method outlined 
by Immer (Uf) might be applied to the data. 

Fisher\s (6) t and Sncdecor^s (39) F tests were used throughout for 
testing the significance of differences between Brachytic and the 
normal strains with which it has been compared. 

EXPERIMENTAL RESULTS 

INHERITANCE OP THE BRACHYTIC CHARACTER 

The ratio of normal to brachytic plants is presented in table 2 as a 
total for the two classes from the F2 segregations of all the crosses 
except the F2 of Colsess V X Brachytic. This cross has been listed 
separately because of the deficiency of normal types, later shown to be 
the result of a deficiency of chlorma types among the normal plants. 
The brachytic character is undoubtedly inherited as a simple Mendel- 
ian recessive. 
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Table 2. — Ralio of normal to hrachylic plants in all crosses between brachytic and 

normal strains 


(Voss 


All crosses except F 2 of C’olsess V X Brachytic. . 
Colsess X Brachytic (Fa) 


Phenotype 

X * for irood- 


— 


ness of fit to 

P 

Normal 

Brachytic 

a 3:1 ratio 


“1 

11,282 

3, 698 

'■■'j 

0. 786 

0, 50 -0. 30 

1,804 

832 

60.654 

(') 


* Very small. 


LINKAGE RELATIONSHIPS OF THE GENE FOR BRACHYTIC 

Intekkelationships Between the Br br Factor Pair and P'actor Pairs 
Located in the Different Linkage Groups 

In the first five linkage groups, it was found by applying tests 
for independence tliat the Br br factor pair was inherited independently 
of all the testers in these groups. 

In the cross Colsess IV X Brachytic, it was impossible to identify 
the normal and brachytic plants in the Xc class. Consequently the 
xantha plants were groupec] and the ratio obtained was compared 
with a. tlieorelical 9:3:4 ratio. The ratio obtained was 1,381 
Br Xc : 499 hr Xc : 476 -~-Xc {Br Xc or hr Xc) as compared to the expected 
ratio of 1,308.37 : 436.13 : 581.50, giving a value of 25.649 and a 
P value of less than 0.01. It was noted in taking the data on seedlings, 
however, that the xantha seedlings were very weak and that many 
of them iniglit have failed to emerge. Ck>nsequently, a deficiency in 
tlie xantha class might be expected. When the first two classes were 
tested to a 3 : 1 ratio, a value of 0.122 with a corresponding P value 
of 0.80 0.70 was obtained, indicating that these two classes were 
occurring in the proportions expected on the basis of independent 
inheritance. 

Chlorina (fefe) plants usually survive and produce seed, but are 
considerably weaker than normal green plants. Furthermore, it is 
possible to distinguish between the normal and brachytic phenotypes 
within the chlorina class as shown in figures 5 and 6. The results 
from the cross between Colsess V and Brachytic are presented in 
table 3. The values obtained strongly suggest linkage between 
Br hr and Fcfc in the seventh linkage group. 

Estimating the Linkage Intensity Between Br br and Fcfc 

The cross-over value from the data was calculated by the product 
method, Immer's tables (IS) being used. Substituting the values 
from the F 2 in table 3 in the formula for the product method, a cross- 
over value of 30. 8 ±1.8 percent was obtained. 


Table 3. — F 2 segregation from the cross of normal chlorina (Br Brfefc) X brachytic 

green (br br Fc Fc) 


Linkage 

group 

Cross 

Fz ratio 

x* for independence 

Hr Fc 

Hr A 

br Fe 

hrfc 

X* 

P 

VII 

/Colsess V X Brachytic 

\ 1 ) 0.1 ... 

1,291 

4.559 

■ 

.513 

2 ,oo;i 

759 

2,201 

73 

18 

127. 683 
825. 591 

Very small. 
Do. 


» Within “doubly heterozygous” F 3 lines. 



Figure 6. — F3 segregates from the cross Colsess V X Brachytic: A, Normal 
green; B, normal chlorina; C, brachytic green; /), brachytic chlorina. 
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The agreement between the observed and the expected frequencies 
on the basis of 30.8 percent crossing over is very poor as would be 
expected because of the excess of brachytic types and the deficiency 
of chlorina types. As has been pointed out, the drought may have 
been responsible for a more pronounced differential germination and 
emergence, the chlorina types being weaker and more susceptible to 
the drought. Evidence on this point is available from a comparison 
of the percent emergence in Fc F^ with that oijcjc E3 lines, where the 
emergence percentages were 76.0 and 63.9, respectively. Since is 
linkecl with /ir, a deficiency of chlorina types would decrease the pro- 
portion of normal types to a greater extent than the proportion of 
brachytic types. The classification for Br and br phenotypes was 
made in the field before the plants headed; consequently, normal 
j)lants presenting a dwarfed appearance as a result of the drought 
might have been classified as brachyti(‘>. Mistakes of this type were 
occasionally encountered when the Fo plants, saved for seed for the 
Fa, were reclassified on the basis of the length of spike and awn, which 
is the most reliable criterion for determining the brachytic types. 
Other than indicating a decided linkage, tlie F2 data j)robably do not 
give a very accurate cross-over value. 

Of the 130 F3 lines grown, 116 could be definitely classified accord- 
ing to the genotypes of the F2 plants from which they arose. In the 
other 14 lines, the number of plants per line was too small to definitely 
establish the F2 genotype. The minimum number of plants for 
accepting a line as homozygous or heterozygous was established at 12 
by the method, since only once in about 22 times w^ould all 12 plants 
be of tlie dominant type if they arose from a heterozygous F2 plant. 
Where segregation for at least three of the phenotypes occurred, the 
line was classified as a double heterozygote, regardless of the number 
of plants. 

The distribution of the 116 F3 lines is presented in table 4. Since 
none of the double recessives was planted, no F3 lines appear in the 
last class. The separation of the Br br F^ fc types into those originating 
from coupling and those originating from repulsion w^as made by 
using limner’s (f^) formula for determining the midpoint y/. The 
figures in the last column again reflect the deficiency of chlorina types 
which w ere obtained in the F- results. 


Table 4. — Distnhutwn of the lines according to the genotypes of the F>i parental 

plants 


Fs genotypes 

1 

FcFe 

Frfc 

/c fc 

Ir - - 

1 

3 

0 

. 

5 

0 (coupling) 71 (repulsion). 

0 


29 

1 - 







An analysis of the F3 data was made acjcording to the method de- 
scribed by Immer ( 14 )- A summary of the analysis of the linkage 
relationships between br and Fc in the cross br br Fc Fc X Br Br fefe as 
determined from F3 data follows. 
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Cross-over value 


Fi genotypes (per cents 

Doubly dominant . _ . _ 0. 4S :t:2. 03 

Double heterozygotes .00 

Singly dominant {Br fc pheiiotype\s) .00 

Singly dominant (hr Fr. phenotypes) . 1. 69 ±1. 69 

Within double heterozygotes (F 2 segregation) 9. 55 ± 1 . 06 


Combination of classes-- - . 9. 27 ±0.90 



Fioxjre 7. — Af Late pachynema in Fi plant of Brachytic X Himalaya, X 1,125; 
By chromosomes in late diplonema in Fi plant of Brachytic X Himalaya, 
X 3,500; C, chromosomes in diakinesis in Fi plant of B4 X Brachytic, X 3,500; 
l)y microsporocyte showing bivalent (or ring?) off the ecpiatorial plate in Fi 
plant of Brachytic X Himalaya, X 1,695. 

Because of the absence of F 3 lines from the F 2 coupling phase among 
the ‘‘double heterozygotes'' and of Br hr fefe genotypes among the 
“singly dominants/' zero cross-over values were obtained for the 
second and third classes. The fifth class may be considered as an F 2 
segregation since all of the lines originated from F 2 plants in the repul- 
sion phase. In combining all of the classes, the F 2 data were omitted 
because of the large discrepancies noted previously. The final cross- 
over value of 9.27 ±0.90 percent, obtained by combining all of the 
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F3 data, is the best estimate available for the linkage intensity from 
the F3 repulsion data used in this study. 


COMPARISON OF CHROMOSOME BEHAVIOR AND NUMBER IN BRACHYTIC AND 
NORMAL STRAINS OF BARLEY 

A study of the early and midprophase stages in barley is rendered 
extremely difficult by the large amount of chromatin material contained 
in the nucleus and by the very small sporocytes. The chromonemata 
are entangled in a dense mass in late pachynema and early diplonema 
(fig. 7, A); consequently, with the technique employed, it was impos- 
sible to separate the individual pairs earlier than late diplonema or 
early diakinesis (fig. 7, i?, C). At these stages it is difficult to obtain 
an accurate comparison of length between paired chromosomes, 
although marked difterences could no doubt be detected. Further, 
t he different pairs are indistinguishable by ordinary observation in the 
[irophase and cannot be identified separately (fig. 7, A, jB, C). It 



Figure 8. -^1, Microiiuclei in a quartet of a B4 plant; microspore witli a 
micronuclens in Fi plant of Brachytie X Himalaya; C, normal metapliase in 
Brachytie; nonorientation of a bivalent in Himalaya; i?, lagging univalent 
undergoing a secondary sfilit in B4; F and Cr, lagging univalents in B4. In F, 
one of the halves evidently has gone to one of the poles. All X 2,000. 


therefore was necessary to make a general examination of each jiro- 
phase for abnormal configurations and discrepancies in length between 
paired chromatids. In making these examinations, the diflerent types 
of configuration noted by McClintock {24) were kept constantly in mind. 

From 100 to 200 microsporocytes in the stages from pachynema to 
diakinesis were examined in each of the three Fi plants of B4 X 
Brachytie and in the Fi plant of Brachytie X Himalaya. No abnor- 
mal configurations or discrepancies in length between synapsed mem- 
bers of a pair were observed. However, in material of this nature, 
failure to observe such abnormalities does not establish the absence of 
observable chromosome changes but merely indicates that no gross 
changes have occurred (fig. 7, B, C), 

From table 5 it may be seen that in 1932 the frequency of occurrence 
of microiiuclei (fig. 8, Ay B) in Brachytie was significantly lower than 
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ill B4. The F3 lines all were lower in micronuclei than either of the 
parents, although not significantly different from Brachytic. The 
percent frequency of micronuclei in the three Fi plants also was lower 
than in the parents. There appears to be a tendency toward greater 
stability in the germ plasm of the hybrids than in the two varieties 
themselves. » 

The selections for high and low frequency of micronuclei from plants 
of B4 and Brachytic grown in 1932 appeared to be different in 1933 
although the difference could not be established statistically. No 
effect of selection was observable in 1934 between the high and low 
selections from B4 plants grown in 1933. 


Table ,5.-- Comparison of frequency of micronuclei in different slrai7i8 and hybrids 

of barley f 193B-S4 


Year and 
classifieatiuii 


1938 


Variet y or line 


Fi 

Parent. 

Fi 


fB4 X Brachytic (brbT) 

PU X Brachytic (Bfbr) 

|B4 X Brachytic (BrBr ) ... . 

/B4 - 

iBrachy^tic 

B4 X Brachytic 


ms 

Parent 

19S4 


[Brachytic 

do 


B4 


do. 


Brachytic 

[Himalaya 


Parent. 
F, 


/B4 

\ do__. 

Brachytic X Himalaya. 



Micro- 

Micro- 





nuclei 

iiU(ilei 

Dt^grees 



■!*lant.s 

in 

in 

of free- 

P 

Uange 

mother 

prog- 

(lorn 1 



plant 

eny 




Number 

Percent 

Percent 




IB 


0. 601 



0. 00- 4. 90 

20 


.19 



. 00 0. 70 

20 


.2,5} 

4, 78 

2 5. 43 

.00- 1.20 

12 


1.4B 


.20- 5.90 

15 


.82) 



. 30- 2. 10 

3 


.10 



. 10- 0. 20 

9 

2.10 

1.481 



. 50- 3. 40 

9 

.30 

1.38 



. 50- 2. 90 

10 

B 

6.90 

.20 

2.04 
. 85 

.5,45 

1.03 

.20-ll.CKl 
.40 - 1..50 

0 


.53 



.(Kl- 1.90 

8 


.85] 



.00- 2.40 

12 

11.00 

1.03\ 

1,21 

.42 

. 30- 4. 10 

11 

1 

.40 

1. 31/ 
.40 

. 40- 4. (M) 








» The number of degrees of freedom for the variety or line and error mean S(|uares, respectively. 

* P < 0.01. 2 times the standard error of a difference between any 2 varieties or lines = 0.58 percent. 


A check on a few plants having stages from motaphase I to telo- 
phase II revealed that irregularities similar to some of those occurring 
in wheat (27) were occasionally present. Metaphase I was nearly always 
of the regular type with seven bivalents uniformly distributed on the 
equatorial plate (fig. 8, O- In. about 50 percent of the metaphasc 
configurations, an open bivalent consisting of two equal members was 
observable (fig. 8, D). Whether the same pair is always involved 
was not definitely determined, although it appeared that the members 
of the open bivalent possessed a subterminal or submedian spindle 
attachment. 

The various abnormalities shown in figure 8, £', F, (?, were found to 
occur in all varieties and lines studied. Lagging univalents of the 
types shown appeared to be developing into micronuclei. Evidence 
of this is available from figures like those in figure 8, Qy where 
chrornosomes were sometimes in the process of rounding up into micro- 
nuclei after the remaining chromosomes had already been resolved 
into definite nuclei. The relation of other chromosome abnormalities 
to the occurrence of micronuclei was not determined, although in some 
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anthers, usually at one (‘iid or near the tapetal colls, very decided dis- 
turbances in chromosome behavior were occurring and giving rise to 
microspores with several micronuclei. The nonorientcid bivalent or 
ring shown in figures 7, Dy was found in the Fi plant of Brachytic X 
Himalaya as the only one of its kind among several hundred meta- 
phases which were observed. 

The abnormaliti('s which have been described occur very infre- 
qu(‘ntly, evcm in plants having high percentages of micronuclei. It 
would seem tliat in a monoploid species like barley, the loss of a 
chromosome would r('sult in nonfunctional spores which would con- 
stantly be eliminat(Ml. It is therefore' veiy doubtful whether plants 
lacking in a chromosome', or a part of a chromosome can survive unless 
the' part lost were very small or of an inert nature. 

Muring the'. ce)urse of these studie's, the chromosome iiumbeM’s of 
Ih’achytic and Himalaya weu’e clieckeel whenever a suitable ce'll in 
medapliase I was available. Tl'c somatic numbers also were', checked 
in the^ re)e)t tips used for comparing ce'll size anel number of mitose's. 
In no case' were de'viations from tJie normal number of 7 pairs or 14 
se)matic chre)mose)mes fe)und (fig. 8, C, and fig. 9). 



Figure 9.- Dii)]oid chromosome configurations of Himalaya (-1) and 
Brachytic (i^), drawn from root tips. X 2,000. 

The genetic and cytologic behavior of Brachytic leads to the con- 
clusion that the brachytic characte^r is perhaps the result of a gene' 
mutation, althe)ugh the possibility of a minute loss or rearrangement 
of a part of a chromosome should not be overloeiked. An extreme' 
rearrange>me*nt such as the inversion described by Schultz and Dob- 
zhansky {S3) in Drosophila could no doubt have been detected in the 
Fi plants of brachytic X normal. The “position effe^ct^’ resulting 
from a minute alteration in the chromosome as found by Mulleu- {3) 
offe^rs some possibility. Fe)r the present discussion, however, the 
assumption of a gene mutation will be used as a basis. 

NATURE OF THE ACTION OF THE GENE FOR BRACHYTIC AS DETERMINED FROM 
COMPARISONS OF HIMALAYA AND BRACHYTIC 

The general appearance of Himalaya and Brachytic already has 
been shown (fig. 1). In the comparisons which follow, an attempt 
has been made to compare by actual measurements some of the 
morphological, anatomical, and cytological characters of the two 
strains. 

Comparative Gross Morphology 

Typical spikes and caryopses of Himalaya and Brachytic are shown 
in figure 10. It will be noted that the difference in length of awns 
and size of caryopses is much more pronounced than the difference in 
length of spikes. 
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Companitivi' JTioasiir('in(>iits of tlH3 two strains a,r(». pirsontcMl in 
table 6. It is apparent that therc^ has b(‘en a gt'neral diiuinution in 
siz(^ of th(‘ (hlfenait parts of Brachytic as compared with Himalaya. 
Although no significant difference was obtained for weight of se(‘d in 
the two samples which were compared, the writer is of the opinion 
tliat Himalaya would significantly outyield Brachytic if larger num- 
b(Ts were used. 

Tlie question arises as to the manner in which the brachytic gcMie 
produc(‘s the diminution in size as evidenced in the above' comparisons. 
Possibly differences in cell size, cell number, rate of growth, or fre- 
quency of cell division might be determined as a means of explaining 
th(^ difference's in size^ of plants betweem the two strains. 



Figure 10. — C ■onuiarisoii of spikes and caryopses of Himalaya {A) and 
Braediytic (B). X 50. 

Table O.- Quanlilative comparison of different parts of Himalaya and Brachytic 


dross iiu>rpholoKi<!al charactor 


Height up to tip of upper leaf i .centimeters . 

He.ght up to base of snike 1- - . do 

l)l.'>tance between ligules > . .do, , 

Length of leaves > do 

Length of awns * do 

Seeds per plant * .number- . 

W tdght of seeds V . .grams _ . 

Weight per seed < milligrams. . 


Hima- 

laya 

Bra- 

chytic 

Differ- 
ence in 
favor of 
Hima- 
laya 

Degrees 
of free- 
dom 

t 

Brachytic 
in percent 
of Hima- 
laya 

65. 00 

42.70 

22. 30 

8 

«8.04 

65. 69 

m. 70 

34. 64 

16. 06 

8 

8 5. 36 

68. 32 

5.46 

4. 14 

1. 32 

8 

3 2. 74 

75.82 

22. 36 

14. 98 , 

7.38 


8 11. 35 

66.99 

10. 91 

5. 70 

5.21 

48 

8 15. 86 

52.29 

85.32 

92, 40 

-7.08 

48 

.60 

108. 30 

3.07 

2.92 

.15 

48 

.33 

95. 18 

36. 76 

31.36 

5.40 

48 

8 4.20 

85.31 


> 6 plants of each variety as recorded at time of heading, June 20, 1033w 

«P<0.«1. 

3 P <0. 05. 

< 25 plants of eatdi variety, harvested in 1934. 
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CViMi’AHATivE Size of Plants, Oroans, and Cells in Plants Growing in the 

Field 


Two plants of each strain were studied in detail as shown in figure 
1 1 and tables 7 and 8. Figure 11 was drawn to scale and reduced by 
photographing to the given size from the measurements presented in 
table 7 which are based on one plant of each strain, collected on June 
20, 1933. The number of cells, both epidermal and parenchyma, is 
seen to be roughly proportional to the length of the plant and its parts, 
and cell length is the same in the two strains. This is further borne 
out in the results presented in table 8 which are based on two plants 
of (uich strain. The same plants were measured for diameter of culm, 
but no significant difference was found between the strains. Hima- 
laya had a rnt^an culm diameter of 0.39 cm. as compared to 0.37 cm. for 
Brachytic. 



Fkjurb 11. — Diagrammatic drawings to show relative lengths of different parts 
of Himalaya {A) and Brachytic (13). Numbers refer to specific parts studied: 
1, first internode and node; 2, second internode and node, and first leaf sheath 
and blade; 3, third internode and node, and second leaf shejath and blade; 4, 
fourth internode and node, and third leaf sheath and blade; and 5, fifth inter- 
node and node, and fourth leaf sheath and blade. X 0.20. 


Eight pairs of comparable leaves were studied for length and width 
of leaves, and length and width of epidennal cells. The results pre- 
sented in table 9 show' that the differences in cell size between varieties 
were not statistically significant. It was noted in the analyses of 
variance which were calculated that cell length, cell width, and cell 
shape index (length /width) varied significantly between different 
regions of the leaf. These comparisons are presented in table 10. 
The cells are longer and narrower in the terminal region and shorter 
and wider in the basal region, the middle region being intermediate. 
Cell shape also varied significantly between leaves, the older leaves 
having longer and narrower cells. There evidently is some correlation 
between cell shape and shape of different parts of the leaf and between 
cell shape and age of leaf. 

Apparentlv the brachytic gene has not affected cell size in mature 
plants. Although the number of plants compared is very small, the 
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pronounced difference in size between Himalaya and Brachytic and 
the use of comparable plants appear to justify, the comparisons which 
have been made. 


Table 7. — Comparison of lengthy and number and length of epidermal cells in 
different parts of Himalaya and Brachytic^ one plant of each strain as shown in 
figure 11 


Cart of plant 

Length of parts 

Cells per part 

T./cngth of cells 

Himalaya 

Bra(!hyti(! 

Hima' 

laya 

Bra- 

chytic 

Hima- 

laya 

Bra- 

chytic 

First intoriiode . - . 

Sccoud intornodo 

Third intcrnode _ 

Fourth intornodo . 

Fifth internode . . . 

Mean . - - 

First node . . _ - . 

S«‘coud node 

'I'hird node 

Fourth node . . _ . . 

Mean 

CeiUimeters 

17.41 

11.88 

7.72 

6.95 

3.31 

Centimeten 
9. 27 
5. 10 
3.89 
2.48 
1.70 

Number 
1, 464 
995 
661 
470 
271 

Number 

768 

420 

320 

207 

145 

M 

120 

119 

117 

127 

122 

M 

121 

121 

122 

120 

117 

9. 26 

4. 49 

770 

372 

121 

120 

.48 

.49 

.49 

.46 

.46 

.46 

.49 

.40 

68 

60 

60 

53 

48 

51 

61 

48 

8:i 

82 

82 

85 

94 

88 

80 

8;i 

.48 

.45 

58 

62 

83 

86 

First leaf sheath . . 

Second leaf sheath . . 

Third leaf sheath . 

Fourth leaf sheath. . .. . .. 

95 
13.50 
11. 22 
10.70 

14. 61 
10. 99 
9. 35 
8.76 

1, 844 
1.007 
860 
841 

1, 135 
833 
728 
676 

130 

134 

130 

127 

1^29 

132 

128 

130 

Moan. - - . . 

14. 84 

10. 96 

1,138 

843 

130 

130 

First leaf blade ... . 

13.00 
23.50 
24. 40 
21. 60 

9.00 

15. 30 
16. 90 

16. 60 

843 
1,465 
1, 610 
1, 337 

596 

911 

971 

969 

154 

160 

162 

161 

151 

167 

174 

170 

Secon(i leaf blade . 

Third leaf blade 

Fourth loaf blade 

Mean. 

20.60 

14. 43 

1,289 

862 

159 

166 



Table 8. — Comparison of mean lengthy and mean number and length of cells in 
analogous parts of Himalaya and Brachyticy two plants of each strain 


Part of plant 

Mean length of parts 

Mean number 
of colls per part 

Mean length of 
cells 

Himalaya 

Brachytic 

Hima- 

laya 

Bra- 

chytic 

Hima- 

laya 

Bra- 

chytic 

Culm (epidermal cells) 

Internodes 

Nodes - 

Culm (parenchyma cells) 

Internodes - 

Nodes - - 

Leaf sheaths (epidermal cells) 

Leaves (epidermal colls) — 

Centimeters 

31.39 

7.48 

.42 

31.39 

7.48 

.42 

14.66 

21.55 

1 

Centimeters 
16. 32 
3.73 
.40 
16. 32 
3.73 
.40 
11.23 
14.99 

Ntt7n6«r 
2, 661 
620 
62 

1,810 
410 
49 
1, 183 
1, 749 

Number 
1, 418 
311 
49 

1,002 

210 

46 

762 

880 

M 

118 

120 

80 

173 

182 

86 

130 

169 

^115 

120 

81 

163 

178 

87 

136 

169 


Table 9. — Comparison of mean length and width of leaves y and length and width of 
epidermal cells in Himalaya and BrachytiCy eight leaves of each 


Character 

Himalaya 

Brachytic 

Difference ' 

1 

Xiongth of leaves — centimeters 

12. 16 
.66 
173. 13 
30.60 

6.76 

9.80 
.66 
184. 83 
30.38 

6.13 

2.36 

*7.00 

T/ongth of cells u 

-11.70 

.12 

-.38 

1.36 

.14 

.99 

Width of cells ...-m 

Cell-shape index, 

ouajb'v 


I 7 degrees of freedom in each instance. 

« p<d.oi. 
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Table 10. — Comparison of width of leafy and widths lengthy and shape of epidermal 
cells in different regions of the leaf in Himcdaya and Brachytic 


Character 

Region of ieaf 

F 

Base 

Middle 

Terminal 

Wld th of loaf centimeter . . 

Widthofcells m -- 

Length of cells m - - . 

Cell-shape index, 

0. 61 
31.50 
169.90 

5.38 , 

0.84 
30. 70 
175. 80 

5.70 

0.23 
29.50 
193. 30 

6.78 j 

1 79. 25 

1 10. 89 

2 6.23 

1 15.33 


» P<0.01. * P<0.05. 


Comparative Size of Groans and Cells in the Plumules and Primary Roots 

The mean lengths of the plumules and their constituent cells are 
presented for 12 plants of each variety in table 11. It will be 
noted that cell length in the primary leaf is significantly different be- 
tween the two varieties. On further examination of the analysis of 
variance, it was found that the entire difference could be accounted 
for by the middle region as shown in table 12. The segment from the 
middle region had been taken at the midpoint between the base and 
tip of the primary leaf; consequently, the middle segment of Himalaya 
was farther from the base than the middle segment of Brachytic and 
might be expected to have longer cells. Had the segments been taken 
at equal distances from the base in the two varieties, it is doubtful 
whether a difference in the cell size would have been found. Appar- 
ently the cells approach a maximum length in the terminal region, 
for here the two varieties are again similar. The fact that older leaves 
have much longer cells indicates that the maximum attained in young 
leaves is only of a temporal^ nature. 

As in the plumules, the difference between Himalaya and Brachytic 
in length of primary roots approaches 50 percent. The comparisons 
in table 13 indicate that the width of the primary roots is significantly 
greater in Brachytic and that the difference in width is largely the 
result of a greater number of cells in this dimension, although there is 
also some indication of wider cells. Length of cells and cell shape were 
similar in the two varieties, although they were greatly different in 
the two regions. 


Table ll.- Comparison of length of plumy lesy and length of cells in coleoptiles and 
primary leaves of Himalaya and Brachyticy plants of each variety 


Character 

Himalaya 

Brachytic 

Difference 

Degroos of 
freedom i 

F 

length of plumule 

. millimeU'rs . 

56.25 

32.42 

23.83 

1, 16 

2 37. 54 

Length of bell In coleoptilo 

— — 

174. 08 

186. 63 

-12. .55 

1, 16 

.82 

Length of cell in primary leaf... 

■ M-. 

34. 21 

29. 44 

4. 77 

1 

1. 16 1 

» 6. 46 


n, 16 the number of degrees of freedom for the varietal and error mean squares, respectively. 
i P <0.01. 

» P <0.05. 
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Table 12. — Comparison of length of cells in microns in different regions of the 
primary leaves of Himalaya and Brachytic 


Leaf region 

Himalaya 

Brachytic 

Difference 

Degrees of 
freedom i 

F 

Basal - - 

18.60 

17.61 

0.89 

] 


Middle . . 

44.04 

32.66 

11.48 

[ 2,61 

* 3. 61 

Terminal 

40. 10 

38. 16 

1.95 





1 The number of dogrotis of freedom for variety X region and error rneari squares, respt^ctivcly. 
* P <0.01, 2 times the standard error of a dillercnoe between varieties in any region =0.1 4 m. 


Table 13 . — Comparison of length and widths and cell size and shape in pr Unary 
roots of Himalaya and Brachytic 


Character 

Himalaya 

Brachytic 

Difference ‘ 

F 

Length of primary root . . 

millimeters. 

21.50 

10. 30 

11,20 

i 32. 89 

Width of middle region 

- . do 

.32 

.42 

-.10 

3 7. 99 

Cells across middle region 

. number.. 

10.30 

12. 80 

- 2. 50 

3 8.81 

Width of cells in middle region 

M-- 

30.80 

33. 09 

-2. 29 

. 6.5 

Length of ctdls in middle region 

.... M - 

129. 13 

123. 16 

5. 97 

. 10 

Cell-shape index in middle region 


4. 33 

3. 91 

.42 

.55 

Width of tip 

millimeters.. 

.32 

.39 

-.07 

'i 26. 24 

Cells across tip 

. . number.. 

20. 30 

22. 30 

-2.00 

2. 13 

Width of cells in tin.. 

M-. 

15.90 

17. 60 

-1.70 

2. 57 

Ivcngth of cells in tip 

M-- 

2<).yH 

29. 22 

i -2.24 

1.56 

(^ell-shaixi index in tip 


1.70 

1.69 

.01 



> Tn all cases the number of degrees of freedom for the varietal and error mean S(iiiares are, resiKMftively, 

1 and 12. 

*P<0.01. 

3 /»<0.06. 

From tlio comparison of the gradients in number of cells per field in 
table 14, it appears that the cells approach a constant for (‘.ell length 
at about the same level in the two varieties. There is, however, a 
tendency for Himalaya to have a larger number of cells in fields 3 and 
4. This is the line between the region of cell division and the region 
of cell elongation. If Himalaya has a higher rate of cell division, as is 
shown later, it might be expected to show a.n accumulation of cells 
in this region. 

The evidence from the plumules and primary roots substantiates 
the conclusion from plants growing in the field that cell size in Brachy- 
tic is similar to cell size in Himalaya. It would seem that the dif- 
ference in plant size between Himalaya and Brachytic might be fully 
accounted for by a difference in cell number. 

Comparative Daily Growth Increments 

The growth measurements taken during the period from May 20 to 
June 20 represented 11 successive intervals, varying in length from 

2 to 6 days. The means for the five plants of each variety are pre- 
sented for each interval with the total and moan daily growth incre- 
ments for the entire period in table 15. As expectecl, the difference 
between varieties is consistently in favor of Himalaya except in the 
first interval where, apparently by chance, Brachytic has grown more 
than Himalaya. 

Although there is a striking difference in the amount of growth 
from day to day, the time of differentiation of the various parts and 
the date of heading remain practically the same in the two varieties. 
This is shown in table 16, which is based on observations of comparable 
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rows grown in 1933. Apparently the brachytic effect is manifested 
only in the daily amount of growth and the total amount of growth 
attained. Other factors tend to produce their effects independently, 
regardless of the height or size of the plant. 


Table 14 . — Comparison of celUnumber gradients in root tips of Himalaya and 

Brachytic 


Field No. 

Cells i)er field In— 

Differ- 

ence 

Field N(». 

Cells i)er field in— 

Differ- 

ence 

Himalaya 

Brachytic 

Himalaya 

Brachytic 


Number 

27.3 

29.8 

21.0 

9.6 

4.7 
3.1 

Number 

20.9 
29.0 

14.9 
6. 0 
3.7 
3. 1 

Number 

0.4 

.8 

6.1 

3.6 

1.0 

.0 

7 

8 

9 

Number 

2.4 

2.1 

1.8 

1.8 

1.7 

1.6 

Number 

2.7 

2.8 

2.5 
2.2 
2. 1 

1.6 

Number 

-0.3 

-.7 

-.7 

-.4 

-.4 

.0 


10 


11 

12 - 




Table 15 . — Comparison of mean daily growth increments of Himalaya and Brachytic 


Variety 

Mean daily growth during intervals shown 

Total 

growth 

Mean 

daily 

growth 

1 

May 

20-22 

May 

23-24 


May 

31- 

June 

1 

June 

2-3 

June 

4-5 

June 

0-7 

June 

8-10 

June 

11-14 

June 

15-17 

Juno 

18-20 

May 

20- 

June 

20 

May 

20- 

June 

20 


Cm. 

Cm. 

Cm. 

Cm. 

Cm. 

Cm. 

Cm. 

Cm. 

Cm. 

Cm. 

Cm. 

Cm. 

Cm. 

Himalaya 

0.70 

2.07 

1.40 

1.53 

2.05 

2.10 

1.98 

1.85 

1.44 

2.83 

2.37 

.'iO. 18 

1.81 

Brachytic > 

1.23 

.85 

1.17 

1.20 

.60 

1.56 

1.47 

1.03 

1.00 

1.44 

1. 46 

30. 58 

1. 18 

Difference 

-.63 

1.22 

.23 

.33 

1.45 

.64 

.51 

.82 

.44 

1.39 

.92 

19.60 

. 03 


‘ The moan growth incroraent of Brachytic is 65.19 i^rcent that of Himalaya. 


Table 16 . — Comparison of dates of differentiation and dale of heading of Himalaya 

and Brachytic 


Variety 

Planting 

Emer- 

gence 

Apimr- 
ance of 
second 
leaf 

Appear- 
ance of 
third 
leaf 

Appear- 
ance of 
fourth 
leaf 

1 

Appear- 
ance of 
fifth 
leaf 

Api)oar- 
ance of 
first 
tiller j 

Head- 

ing 

Himalaya 

Brachytic... 

Apr. 28 
Apr. 28 

May 10 
May 11 

May 13 
May 13 

May 17 
May 17 

May 21 
May 22 

May 24 
May 24 

May 22 
May 24 

June 20 
June 20 


Comparative Frequency of Mitosis 

The meristematic region in the root tips of Himalaya was found to 
be significantly longer and narrower than that of Brachytic. The 
two dimensions were compensatory as far as the two varieties were 
concerned, for the total area per section was similar. Since cell size 
was not significantly different between varieties, the total number 
of mitoses per section was compared directly. The number of mitoses 
per square millimeter also was figured for each plant in order to obtain 
a comparison on a unit-area basis. The results are presented in table 
17. 

The frequency of mitosis is somewhat higher in Himalaya for both 
total number of mitoses per section and number per square millimeter, 
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indicating that the rate of cell division might be higher in Himalaya 
than in Brachytic. Owing to the large amount of variation within 
varieties, however, the difference between varieties could not bo estab- 
lished as being statistically significant. The use of a larger number 
of plants would be necessary to determine this more accurately. 
Since cell size in the meristematic region is similar in the two varieties, 
it seems reasonable to assume that the critical size for cell division 
also is simila^r. Consequently, cell elongation and cell enlargement 
might be expected to occur at a higher rate in Himalaya to bring the 
cells to the critical size for division more rapidly. 


Table T7. — Comparison of area per section of meristematic region in root tips, and 
frequency of mitosis per section in Himalaya and Brachytic 


Character 

Himalaya 

Brachytic 

Difference i 

F 

Lenjrth millimeters . . 

Width do._.. 

Area square millimeters. - 

Mitoses per section number. . 

Mitoses per square millimeter do ... 

0. 671 
.035 
.215 
65. 2 
303. 4 

0. 540 
.042 
.207 
51.4 

245. 8 

0. 131 
-.007 
.008 
13.8 

57. 6 

ec — 


• In nil cases the number of degrees of freedom for the varietal and error mean squares are, respectively, 
1 and 12. 

2 P<0.01. 

DISCUSSION 

The small number of chromosomes in cultivated barley makes it 
ideal material for studies of inheritance and linkage. The fact that 
it is a simple diploid is good reason for believing that a large propor- 
tion of its characters will be inherited in a simple Mendelian manner. 
The work on barley cited in the review of literature shows rather 
conclusively that such is the case. Stadler (40 j 4i) concluded from 
his results in inducing mutations by X-rays in diploid, tetraploid, 
and hcxaploid species of small grains, that the lower mutation rates 
in polyploid species arc due to the presence of duplicate or triplicate 
factors, all of which must mutate for at least one member of the 
factor pair in order that the mutation be expressed in the resulting 
progeny. Cultivated barley was shown to have a significantly higher 
mutation rate than the cultivated species of wheat and oats. It 
follows, therefore, that very little duplication of genes in different 
chromosomes is to be expected. 

It is due to the work of Robertson, Deming, and Koonce (SI) 
that the seventh linkage group in barley has been established. These 
workers have to date located two genes in this group, both of them 
chlorophyll abnormalities which are either lethal or lacking in sur- 
vival ability when in the homozygous recessive condition. The 
location of genes for characters having normal survival ability in 
this linkage group therefore would obviate difficulties encountered 
when testing for the presence of other genes. The gene for brachytic 
should be of value in this respect since Brachytic plants have good 
survival ability. 

From a cytogenetic standpoint, it would seem that difficulties will 
be encountered in attempts to correlate genetic and cytologic data 
for the different linkage groups in barley as has been done in Zea 
(21, 24)- The chromosome strands in barley are very densely inter- 
woven in the midprophase stages and the cliromosome pairs are very 
similar in appearance and size. It therefore is difficult to separate 
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and distingjuish the (lifferent pairs, especially in the stages desired. 
Lewitsky (L9), however, has reported that the somatic chromosomes 
in barley may b(» differirntiated on the basis of precise measurements 
and the presence of contrictions in certain regions of the chromosome 
aft(>r sp(M*ial fixing and staining techniques are, employed. Special 
techniques for stages of meiosis or a study of the somatic chromosomes 
tlier(d*or(i offer possibilities for cytogenetic studies in barley. 

The manner in which a gene expresses itself as manifested in its 
effect on tiie mature organism is of considerable imi)ortance in deter- 
ming tlie action or dynamics of the gene. Foi* example, what are 
tlie intermediate steps bi^twcum the immediate processes of the gene 
after it enters the zygot(> and the ultimate eflec.ts which it produces 
on th(' mature individual? 

Th(' relation of genetic factors to enzyme production has been dis- 
cussed l)y (loldschmidt {8, 10), Van Overbeek {/f.2) showed that a 
simply inherited dwarf type of growth in corn was the result of a 
higlu'r rate of destruction of growth substance (growth hormone or 
auxin) in the dwarf type than in the normal. It is conceivable that 
the differc'iice in the amounts of growth attaimyd in Himalaya and 
Brachytic may lie due to a h(‘ri table difference in the amount of 
growth subvStance produced or destroyed. 

Goldscdimidt (.9) has postulated genetic factors which det(‘rminc 
the tinu^ and rate at which developmental processes occur. A com- 
parison betAveen Himalaya and Brachytic is of interest in this respect. 
Growth occurs at diflerent rates, but differentiation and maturation 
0 (*(Hir at the same time in both varieties. The gime for the rate of 
growth, which may lie considered a. raU* fa(*tor, evidently produces 
its (vtfecds indepiuidently of gimes for diffenuitiation which may be 
considc'red time factors. Further evichuice on the indeptuidence of 
genes for growth and differentiation is available from the 24 F 3 lines 
of B4 X Brachytic. B4 was about 5 days (earlier for date of heading 
than Brachytic in 1932; however, one homozygous brachytic F 3 line 
was ol)tained which headed 1 day earlier than any of the B4 lines 
and 0 days earlier than any of the Brachytic^ lines. 

Th(> results indicate that the organism as a whole rathei* than the 
individual c(*ll must be consid(u*ed as the fundanu'ntal unit of develop- 
ment. Factors for growtli and differentiation s(H>niingly act on the 
(Uitire plant structure which during the courses of its development 
l)ecomes differentiated into cells whose number and form are deter- 
mined by the size and form which the plant and its organs attain. 
The extent to which ctdls are formed seems to hav(' no Ixuiring on 
the time of differentiation and maturity; factors determining these 
process(^s evidently act on the entire protoplasmic mass, regardless 
of the number of cells which have been formed. This conclusion 
may have some bearing on the controversy between the ^^cell theory” 
and ^‘organisinal theory” which has been reviewed and discussed by 
Sharp {SJf) and Sinnott {36), 

SUMMARY 

A mutant character in barley, designated as brachytic, lias bc^en 
studied with respect to its genetic and cytologic behavior. 

The gene for brachytic habit of growth beliav('s as a simple Mende- 
lian recessive to the gene for normal habit of growth. It has been 
designated as hr, 

241204—40 5 
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The factor pair Br hr was found to be independent of the first six 
linkage groups and definitely associated with Fc fc in the seventh 
linkage group. 

The linkage intensity between Br hr and Fc fc was determined from 
repulsion data. The cross-over value from the F 2 data was found to 
be 30.8 ±1.8 percent but is not considered reliable because of a defi- 
ciency of chlorina types and possible errors in classification. The 
cross-over value from the F 3 data, which may be considered more 
reliable, was 9.27 ±0.90 percent. 

The appearance, behavior, and number of chromosomes were as 
regular in Brachytic as in the normal strains, Himalaya and B4. 
The brachytic character is not associated with any observable change 
in chromosome structure; more likely it is the result of a gene mutation. 

There is a general diminution in size of Brachytic plants and their 
parts as compared to those of Himalaya, the variety from which 
Brachytic mutated. Brachytic grows about two-thirds as tall, its 
leaf sheaths are about two-thirds as long, and its awns are about 
one-half as long. The number of seeds per plant is about the same 
for the two strains but Brachytic seeds are only 85 p(*rc(‘rit as heavy. 
The total wtught of sood p(‘r plant in Brachytic was about 95 percc'nt 
of that for Himalaya but the standard error of th(‘ difference was too 
larg(' to establish a significant difference. 

Length of cells in comparable plants growing in the field was found 
to be sim.ilar in the two strains. The number of cells is proportional 
to length of the plant and its parts. 

Epidermal cells W(U*e longer and narrowt'r in tlie tip than in the 
m.iddle and basal regions of the heaves. Older leaves had longer and 
narrower cells than younger heaves. 

Although the plumules and primary roots of Himalaya were approxi- 
mately twice as long as those of Brachytic, no significant dilferences 
were obtained for cell size in comparable parts. 

The primary roots of Brachytic were larger in diametc^r than tliose 
of Him.alaya, the difference bedng associatenl more strongly witli 
number than with width of cells. 

Cells in the primary leaves and prim.ary roots increased progres- 
sively in size at increasing distances from the mcristematic region. 
The nature of the gradient in root tips differed somewhat between 
strains in the region differentiating the zone of cell division and the 
zone of cell elongation, but cell size was found to be similar in the 
two strains beginning only a short distance back of this region. 

Brachytic grew 65.19 percent as tall as Himalaya, the difference 
in daily amounts of growth remaining fairly constant between the 
two varieties. 

Factors for differentiation and maturity appeared to act inde- 
pendently of the factor for rate of growth. 

Himalaya had a longer and narrower meristematic region in sections 
of root tips than Brachytic but the total area per section was similar 
in both varieties. 

The results indicate that Himalaya has a higher frequency of 
mitosis per section of meristematic region than Brachytic but this 
could not be established statistically. A similar relationship was found 
for the num.ber of mitoses per square millimeter. The rate of cell 
division and elongation might be expected to be higher in Himalaya 
than in Brachytic. 
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A discussion of linkage groups and the possibility of correlating 
genetic and cytologic data in barley has been presented. 

The relation of genetic factors to the production and utilization 
of growth substances, which in turn influence the rate of growth and 
cell elongation, has been discussed. 

An explanation based on Goldschmidt's physiological theory of 
inheritance has been advanced to account for the independence of 
the gene for rate of growth and factors for differentiation and maturity. 

The results indicate that cell formation is subordinate to the develop- 
ment of the organism as a whole. 
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HYBRID VIGOR IN SUGAR 



By Dewey Stewart, afisociate palhologisl^ C. A. formerly associate ogrono^ 

mist, and G. 11. Coons, principal pathologist, Division of Svgar Plant Investiga- 
tions, Bureau of Plant Industry, United States Department of Agriculture 


INTRODUCTION 

Hybrid vigor in first-generation crosses is a fundaniontal consider- 
ation in present-day methods of plant improvement. If it can be 
established that marked vigor rather generally occurs when inbred 
strains of sugar beet (Beta vulgaris L.) arc crossc'd and that hybrids 
can be obtained which arc superior to open-pollinated varieties, such 
findings would have important directive influence upon methods of 
sugar-beet breeding. 

This report gives the rt>sults of field tests in which the sugar-beet 
hybrids arising as single crosses of inbred strains or as top crosses of 
inbred strains on an open -pollinated variety arc compared with the 
parental sorts. 

MATERIAL AND METHODS 


The production by selection and inbreeding of the strains used in 
this study was begun by the late W. W. Tracy, Jr., in 1915 and con- 
tinued by him until 1929, when the present writers took over the 
project. As a rule, a selfed generation was obtained every 2 years 
hy bringing individual plants to seed either in home gan^ens some 
distance from each other or on widely separated farm locations. As 
the work proceeded, it was a general practice to test a number of 
sister progenies of a strain in each generation, discarding those con- 
sidered undesirable. From the large collection of strains arising in 
Tracy ^s work, those listed in table 1 were chosen for crossings and 
tests for hybrid vigor. The original source or accession number of 
1915 for a strain is given with the salient points of the breeding history. 
For easy reference in the text, the strains have been assigned Arabic 
numbers. Crosses between strains are designated in the customary 
manner, the seed-bearing parent being shown first. 

To produce a hybrid, the two strains to be crossed were brought to 
seed production in a location at considerable distance from any other 
seed beets. The propensities of the unrelated strains to cross- 
pollinate reciprocally w;ere relied upon to effect hybridization. In 
most cases the seed harvest was according to the strain serving as 
seed bearer, thus giving reciprocal crosses from each location. The 
sugar beet is known to be generally cross-pollinated under natural 
conditions, although selfing can be induced with a rather high per- 
centage of plants taken from heterozygous populations. Completely 
self-sterile segregates or individuals that for other reasons fail to set 
seed drop out of the breeding material as inbreeding continues; 
hence, only lines with some degree of self-fertility were available in 
the breeding stock. In the progenies grown from the various hybrid 
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seed lots there occurred not only Pi plants but seifs of the strain 
that was seed bearer. Where distinctive characters were established 
in the parcuits, knowledge of the mode of inheritance was useful in 
identifying hybrid plants in the poi)ulations. In such cases the data 
are based upon the performance of the Pi class of plants. With 
many of the progenies it has been necessary to include a considerable 
proportion of seifs; in others, the entire population, regardless of the 
actual extent of hybridization, has been taken. Por this reason it is 
thought tiiat in the considerations of performance in these cultures 
the comparisons with the strain serving as seed bearer are tlie most 
critical as well as the most conservative. 


Table 1 . — strains used in the 'firodnction of hybrids, with salient points of their 

breeding history 


1 

Des- 
igna- 
tion of 
strain 
in 

text > 

Generations 

1 



Des- 

igna- 

1 

Generations 



Selfed 

Grouped 

Seed lot 
used 

Accession No. 
or sour(!e ^ 

titm of 
strain 
in 

text* 

St'lfed 

Groui)ed 

Seed lot 
us(‘d 

Acccssit)n No. 
or source? * 

1 

!\^um()er 

6 

Ntirnber 

2 

00.5G9-4) 

1948. 

9b 

Namtur 
0 j 

\ninl>er 

2 

(H)203 0 

1846, 

2 

(•) 

2 

4793-29 

1846. 

9c 


1 

10-131-0 

1816. 

3 

.O 

2 

3444 29 

1991. 

10 

•5 

1 

100S8S27 

1899. 

4a 

5 

2 


2140. 

11 

3 

3 

378G- 29 

1736 6. 

4b 

4 

3 

4874-29 

2140. 

12 

7 

1 

1223-29 

281132. 

ha 

G 

2 

G4 84-29 

2073. 

13 

G 

1 

4.563-27 

212,5. 

.'ib 

5 

2 

13844-27 

2073. 

14a 

4 

3 

4842 -2tl 

17(M)-1. 

6 

7 

1 

1294-29 

1892. 

14b 

,5 

2 

G32G-29 

17(M)-1. 

7 

6 

2 

! 6571-29 

2092. 

1,5 

1 

0 

11.57GS27 

LSll.a 

8a 

6 

3 

2888-29 

1910. 

16 

1 

1 

(M)383-0 

J>a Hoy ale. < 

8b 

6 

3 

30G3-29 

1910, 

17 



Pioneer 

Commercial.* 

9a 

G 

1 

10742-27 

1846. 


! 

; i 




* Subgroups, reprosonUng diflercnt selections from essentially the same gen(‘tk! coini>lex, have been ile.sig 
natod as a, h, or c. 

f Strains 1 to 14, inclusive, trace to niass-selectcd breeding stocks received by W. W. 'i'racy, Jr., in 19ir» 
from F. J. Pritchard, who had accumulated the maU^rial during his sugar-beet investigations. 'J'here. was 
no history of inbreeding prior to Tracy’s work. 

* Leaf Si)ot lleslstant, a variety developed by the agricultural research department of the Am(‘rican 
Crystal Sugar Co. under the supervision of tSkuderna 

* A commercial brand of K. Bu.szczynski & Sous, Ltd., Warszawa (Warsaw). Poland, 

A commercial brand of Zuckerfabrik Klcinwanzleben, Kleinwanzlebcn, Germany. 

® Italic numbers in parcnthes:'s rjfer to Literature Cited, p. 7H8. 


In obtaining the field data on performance, the roots were washed 
free of adhering soil, permitted to dry, and then weighed and counted 
to determine the average root weight. The roots were then indi- 
vidually split, one-half of each root being used in a composite plot 
sample for determining sucrose percentage in the pulp by the Sachs- 
Lc Docte cold-water-digestion method. Prom the average root 
weight of a plot and the sucrose percentage of the plot sample, the 
average gross sugar per root was calculated for each plot. From 
tlie appropriate plot values, the mean for each strain or hybrid was 
obtained. For convenience in making comparisons of performance, 
the data for root weight and gross sugar have been calculated, by use 
of a factor for stand,^ to show acre yields. 

FIELD TESTS 

For the field tests at Fort Collins, Colo., seed obtained from the 
various crosses and the parental strains was grouped according to 

1 29,094, based upon stand counts of Pioneer for all tests. 
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relationship. TL(^re were 5 groups mach^ np as shown in table 2 as 
tests 1, 2, 3, 4, and 5. The variety Pioneer/ (•ornmonly classed as 
a sugar typc^, was included in each test as a representative of non- 
inbred stock. The seed lot smallest in quantity determined the extent 
to whi(‘h all within a given test could be plantc'd. In test 1, all plots 
w(>r(» 3 rows wide. It was necc'ssary to restri('t the ])lot width to a 
single row for 4 of the 0 replications in tests 3 and 4, and in (> of the 8 
replications in tests 2 and 5. ()th(U'wis(% tliicu'-j’ow plots W(‘r(‘ used 
in these tests. Where single-row plots occurred, ('very altc'rnatc^ row 
was planted with Pioneer to give common c.omp(>tition. Tlu' (‘xperi- 
mental plots (2() feet long) were'. arrangcHl for ('ach of tJie o tests 
according to the equal izc'd randomized-blo(*k scheme suggested by 
Student (c9)^ as a modification of the Latin s(|uar(*. The analysis of 
variance as given by Fisher (^) for a Ijatin scjuare was used in statis- 
tical reduction of data. Shortly Ix'fore harvest, the plants at the 
('lids of each jilot and those that Ixjrdered gaps along a row to be 
sampled wer(' cut out. The rciinaining plan Is wen* harvest('d, only 
the center row in the three-row plots being used. In tlx*, cas(^ of a 
complete stand, there were 25 plants jxx* ])l()t; how(‘V('r, taking into 
account elimination of seifs and very occasional ski[)s, the plots 
generally provided only 10 to 20 roots. The data for yi(*ld of roots, 
sucrose percentage, and yield of gross sugar as obtaiix'd in the tests 
are given in table 2. 

For each of the economic attributes, insofar as comparisons (*an be 
made, the hybrid or the hybrid population plus seifs is compared with 
(1) moth(U’ strain, (2) polhui strain, (3) mean of both parents, and (4) 
the commercial brand, Pioneer. These coinjiarisons are given as ])er- 
centage values, where 100 is equality and values above or lielow repre- 
sent performance cither sujierior or inferior to the base chosen. The 
percentage values in terms of the performance of the commercial 
brand may be used as coellicients of performance for comparisons of 
strains or hybrids in one test with those occurring in another, since the 
commercial brand was included in each test. 

CERCOSPOKA LEAF SPOT 

Late in July an epidemic of ceivnspora h^af spot {Cercospora, beticola 
Sacc.) occurred and continued until harvest. This disease is known to 
influence the growth of the sugar beet, depressing root yield and sucrose 
percentage. Since the parental strains differed in resistance, a few 
being very susceptible, a factor of considerable importance Avas intro- 
duced. For certain cixjsses the resjxmse attributed to liybrid vigor 
would undoubtedly be less pronounced were tests conducted under 
disease-free conditions. Specific examples of crosses of this type are 
discussed later. 

* One of the several corainercial brands of foreign sugar-beet set?d sold in this country at the time these 
Investigations were initiated. 

« Italic numbers in parenthest?s refer to Literature Cited, p. 738. 
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RECIPROCAL CROSSES OF STRAINS 1 AND 9a 

The single cross between strains 1 and 9a was considered very 
desirable for a detailed study of the vigor of hybridity in the sugar 
beet. In previous tests each inbred had shown striking phenotypic*, 
uniformity (fig. 1). Numerous progenies of each had been grown and 
studied under field conditions. These always adhered closely to the 
parental strain type, predicating an approach to homozygous condition 



for genes determining major morphological characters. The plants of 
strain 9a used for seed production were sib progenies of the strain, 
each progeny forming a separate row. The plants of strain 1 were set 
in rows alternating with strain 9a. The seed produced was harvested 
separately from each row. In all, 11 seed lots were obtained, 6 from 
the various rows made up of strain 1, and 5 from the sister progenies 
of strain 9a (designated as 9ai, 9a2, 9a3, etc.). These seed lots were 
used in test 1, and the results are given in the first section of table 2. 

Each parental strain was distinct from the other. The difference 
in length and type of petiole, shape of leaf, and shade of green color, 
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associated witli a peculiar habit of growth, gave a striking contrast in 
the foliar bouquet of the two strains (fig. 2). In populations arising 
from the reciprocal crosses, the foliage as well as the J’oot type was 
used to distinguish between inbred and hybrid classes. AH plants 



Figure 2. — Field view of strains 1 and 9a and the hybrid IX 9a, grown at Fort 
Collins, Colo., 1932, showing greater foliage growth and vigor of the hybrid: 
Ay Three-row plot of strain 9a (a) and of the hybrid IX 9a (b); B, strain 9a (o), 
three-row plot of the hybrid IX 9a (6), and strain 1 (c). 

that were judged to have originated by selfing were eliminated; how- 
ever, in case a plant could not be classified with sureness it was always 
included in the sample as a hybrid. The data as reported are con- 
sidered to represent largely the performance of the hybrid class of the 
population. 
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The parental strains I and 9a liad average root weights of 0.9574 
and 0.9311 pound, respectively, indicating that under the conditions 
they were very similar in growth capacity. The hybrids 1 (rows 1, 3, 
5, 7, 9, ll)X9a had an average root weight of 1.5271 pounds; the 
hybrids 9a (firogenies l'-5)Xl had an average root weight of 1.5534 
pounds. The striking vigor of the hybrid is shown by the comparison 
of average root weight of th(^ 11 hybrid lots with the mean root weight 
of the two parents (fig. 3). The hybrid gave an average of 1.5391 
pounds, corresponding to a calculated acre yield of 22.41 tons; and 
the parents, 0.9443 pound, corresponding to a calculated acre yield 
of 13.735 tons. When expressed as percentage of the mean weight 



Figuiie 3. — Typical roots of the parental strains 1 (/I) and 9a (/i) and their 
hybrids, as obtained in test 1, Fort Collins, Colo., in 1932. C, Hybrid IX 9a, 
roots grown from seed harvested from strain 1 as seed bearer; «, 6, c, ri, seed 
taken from rows 1, 3, 9, and 1 1, respectively. />, Hybrid 9a X 1, roots from the 
reciprocal cross, in which sibs 2, 5, and 7 («, 6, c) of strain 9a were the seed 
bearers. 

of the parents, the increase of the hybrid is approximately 63 percent. 
Since the parental strains were similar in yield, the hybrid exceeded 
each by approximately the percentage as found for the mean of the 
parents. 

Previous tests had shown the parent strains to be distinctly unlike 
in richness of sucrose. The mean sucrose percentages obtained in this 
test, 14.05 for strain 1 and 11.10 for strain 9a, are in agreement with 
those obtained formerly. The sucrose percentages as shown in 
table 2 for this hybrid in all cases were liighcr than the low-sucrose 
parent, and in all but one case lower than the high-sucrose parent. 
The mean value for the hybrid approximated the mean of the parents. 
The hybrid populations in table 2 representing the cross 1 X 9a, in 
which the strain higher in sucrose percentage was the maternal 
parent, we:|:e consistently higher in sucrose than the populations in 
the other group, resulting from the reciprocal cross, in which the 



June 1, 1940 


Hybrid Vigor in Sugar Beets 725 


strain lower in sucrose was the seed bearer. The difference in sucrose 
percentage between the reciprocals is statistically significant. Bougy 
(jf), in controlled crosses of sugar beets and forage beets (Vauriac), 
did not obtain perfect reciprocity for sucrose percentage. However, 
it seems justifiable to assign the difference in these comparisons of 
reciprocals to incomplete elimination of seifs, which would tend to 
shift th(‘ R'adings in th('v direction of the respective mat(*rnal jiarents 
rather than to postulat(‘- a specific maternal inffueiKic. Savitsky (5) 
reports that in crosses between varh^ties of high- and those of low- 
sucrose percentage the F, generation was, in this respect, close to tJic 
arithmetical average of tin'- parents. 

The total sucrose in the roots, which is the product of root W(‘ight 
and sucrose percentage, was markedly increased in tlnr hybrid over 
that of either pari'iit. Since tiie average sucrose pc'rcentage of the 
hybrid approximated the mean value of the parents, this incr<‘ase 
may be attributed almost wholly to the greater root size of the liybrid. 
The percentage increase (67 percent) over the mean of the parents is 
about in the proportion of the relative root weights. 

The increase in root weight assignable to hybrid vigor in this cross 
far (exceeds the statistical requirement for significanc(\ The difficulties 
of excluding all seifs liave been discussed in connection with th(‘ 
sucrose percentage of the hybrid. It is to be noted that in the t(‘st 
of these reciprocal crovsses seed produced from six groups or rows of 
strain 1 flanked by rows of sib progenies of strain 9a was used. There 
is a remarkabh^ concordance of performance', among these different 
representatives of the mating. The results show clearly that, regard- 
less of the direction of the cross, the hybrid was significantly greater 
in weight than either parent. From this, it is concluded that the 
vigor of the hybrid is not merely the expression of dominance of some 
simple character possessed by one parent but is of the same nature 
as heterosis response demonstrated for other plants. 

HYBRIDS INVOLVING MANY STRAINS 

In tests 2, 3, 4, and 5, as shown in table 2, an attempt was made to 
include crosses that involved a wide range of parental types. Inbred 
strains known to possess important characters such as high sucrose 
percentage or disease resistance were more generally used in the 
pairings. To only a limited extent could reciprocal crosses of a given 
hybrid be included in the test, as deficiency in quantity or quality of 
seed obtained from one strain entering the cross commonly made 
omissions necessary. ' Crosses in which the seed produced by both 
parental strains was harvested as one lot were also included in the 
tests. Although seed lots obtained in this manner are not so service- 
able for interpretation of hybrid vigor as those harvested separately 
for each strain entering a cross, their inclusion is considered of value 
because of the indication obtained of the type of performance to be 
expected if the two strains are interplanted for extensive seed produc- 
tion of a first-generation hybrid. The results of the 4 field tests, 
involving in all 41 hybrid populations, the respective parents, and the 
commercial brand, are given in table 2. 

The data are first discussed with general regard to the hybrid vigor 
resulting from crosses between sugar-beet strains; then the response 
of individual strains when hybridized is considered because of indica- 
tions given as to their possible breeding value. 
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Root Weight of Hybrids 

As rnontionod earlier, the comparison of the hybrid with its maternal 
strain, because of the incomplete^ elimination of seifs that can be 
effected at harvest, is probably the most conservative measure of 
performance. In such a comparison, however, as has been noted with 
other crop plants, the percentag^e increase in the yield of the hybrid 
over that of a low-yielding parent may be strikingly greater than the 
percentage found if the maternal parent itself is relatively high in 
yield. 

In 30 of the 41 crosses the seed had been harvested separately for 
each strain entering a cross. TIk^ average root weights of the plants 
grown from hybrid seed were significantly gn^ater than the average 
root weights of the respective maternal parents in 20 of the 30 crosses 
In 10 cases significant differences Ixdween the hybrid and the mat-(‘rnal 
strain were not found. For the 30 comparisons the general aviuage 
root weight showed an increase of 50 perciuit for the populations 
arising from these crosses over the general average root weight of the 
maternal parents. 

The comparisons in t(‘rms of the mean of parents ar(‘ also of intcu’est-, 
since all hybridizations can be included. In 31 of the 41 cas(\s the 
root weights of the hybrids were significantly greater than the nuMins 
for root, weight of the appropriate parent strains; significant differ- 
(uices W(^ro not indicated in 10 cases, although in one cross 14b X 10 
the hybrid had Ix'nn significantly superior to the maternal strain. TIk^ 
general average root weight of all hybrids exceeded th(^ general average' 
root wenght of parents by at least 42.5 percent. In the consider- 
ation of the foregoing data, attention is again called to the fact that 
elimination of seifs was incomplete in many cultures. 

The average root weight of the 41 hybrids was found to be 38.9 
percent greater than that of the commercial brand, Piom^er. On the 
basis of extensive tests with commercial brands, among which Pioneer 
was included as a representative of sugar types, Skuderna et al. (7) 
found that as an av(*rage the sugar types were exceeded in root weight 
by yield types by approximately 10 percent. On such a basis it 
would seem that in acre yield of roots the hybrids as a whole compare 
very favorably with commercial yield types and that certain hybrids 
far exceed them. 

Sucrose Pp2Rcentage of Hybrids 

For the 30 crosses in which the seed was kept separate as to the 
seed-bearing strain, it was found that in 17 cases the sucrose percent- 
age of the hybrid was not significantly different from that of its 
maternal strain; in 2 cases it was significantly superior, and in 11 
cases significantly inferior. The general average sucrose percentages 
for this entire group did not differ significantly from the mean of all 
strains involved as seed bearers. 

The average sucrose percentage of the 41 hybrid populations, 
although slightly lower, did not differ significantly from the mean of 
the parental strains. 

Twenty-three of the forty-one hybrids were not significantly 
different in sucrose percentage from the commercial brand. Pioneer. 
Nine were significantly less and nine significantly higher. The 
average sucrose percentage of the 41 hybrids equaled that of Pioneer. 
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This indicates, on the whole, a very satisfactory richness in sucrose 
for hybrid Ijoets. 

Total Sucrosk in Hybrids 

Jlyluid vigor was very pronounced in many of these crosses, 
increasing root weights significantly over the root weights of the 
I)arents. Since the sucrose percentages found approximated, as an 
av(‘rage, the mean sucrose percentage of the parents, the total sugar 
produced was higher in the majority of cases than the mean sugar 
production found for the parental strains, this being assignable to the 
increased root yield of the hybrids. 

Similarly, in the comparison of the hybrids as a whole with the 
commercial brand, since the average sucrose percentages of the hy- 
brids and of Pioneer W(‘re approximately the same, sugar production 
of the hyl)rid populations exceeded that of the commercial brand by 
about the percentage found in the comparisons of root weight (.‘39 
percent). 

Rksponse of Individual Strains When Hybridized 
vSTRAIN 1 

Strain 1, which is discussed on page 722, occurred as a parent in 20 
of the 41 hybrid cultures whose performance data are given in table 2, 
Field views showing one-row plots of various hybrids in which strain 
1 occiuTed as a parent are shown in figure 4. In four instances the 
crosses were in duplicate. For the crosses with strain 2 and strain 
9b, seed was available for test of reciprocals. The hybrid 1 X 9a, 
which occurred in test 2, has also been considered in the discussion 
of test 1. 

In eight cases (tests 2, 3, and 4, table 2) seed was harvested from 
strain 1 as seed bearer. The performance data shown for these hybrids 
are based largely upon the Fi portion of the progeny, since the rather 
distinctive seifs of strain 1 could be eliminated. For each Fi progeny, 
the yield of roots is significantly above that of the maternal strain, 
above that of the pollen parent except in one instance, and above the 
mean root yield of the parental strains. The average percentage 
increase in root weight of the hybrids, found by averaging the appro- 
priate individual percentages given in table 2, is 80.4 percent over the 
average root weight of maternal strains and 66.0 percent above the 
mean root weight of both parents. It also exceeds the average root 
weight of Pioneer by 60.3 percent. 

Strain 1 occurs as pollen parent in seven crosses. The performance 
data for these are based upon mixed populations of hybrids except in 
the progenies from crosses 9b X 1 and 11X1 (test 2, table 2). Each of 
the seven progenies from hybridization gave a larger root yield than 
either parent, the increase in root yield over that of the respective 
maternal strain being statistically significant in four cases; the root 
yields were significantly greater than the yields of the pollen parent 
in 6 cases out of the 7, and accordingly exceeded the mean yields of 
both parents. The average percentage increases in root yield for 
these seven populations containing hybrids are 38 percent above that 
of both parents and 36.3 percent above that of the commercial brand 
Pioneer. 



728 


Journal oj Agricultural Research 


Vol. GO, No. 





Figure 4. — Field views of one-row plots of two replications of test 2. Alternate 

S lots planted with Pioneer to give common competition. A and Plots of 
) senes: Strain 1; 6, Pioneer; c, strain 16; d, Pioneer; c, hybrid 11X1; /» 

Pioneer; cr, liybrid 16X11; h, Pioneer; hybrid llX9a; Pioneer. C and />, 
Plots of E series: a, Hybrid QaXll; 6, Pioneer; c, hybrid IX 9a; t/, Pioneer; e 
and/, strain 9a; gr, Pioneer; A, strain 11; Pioneer; strain 1. 
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Strain 1 also occurred as a parent in five crosses in which the seed 
produced by the two strains entering a cross was pooled at harvest. 
The progenies obtained consisted not only of Fj generations but seifs 
of each parental strain. Comparison of root weight with the mean 
root weight for the appropriate parent strains and for Pioneer can be 
made. In each cross, regardless of inclusion of seifs, the populations 
obtained were significantly superior in root yield and in sugar produc- 
tion to the mean of parents and to Pioneer, the average percentage 
increase being, for each basis, approximately 34 percent. Superiority 
in sugar production was in about the same proportion. 

In general, the result of crossing strain 1 with 15 unrelated sorts 
was a marked increase in vigor in the first-generation hybrid (fig. 5, 
Af By (Jy D). '^^riie preponderance of evidence indicates reciprocity of 
the effect of hybridity when reciprocals are compared, or when the 
yields of hybrids in which strain 1 is the pollen parent are considered 
in terms of root yields of the respective mother strains. 

STRAIN 2 

Strain 2, whose pedigree shows six generations of selfing, inter- 
spersed with 4 years of group increase, has been characterized by 
heavy foliage production and exceptionally high root yields. It has 
shown moderately high sucrose percentage and moderate leaf spot 
resistance. In test 3 (table 2) it was used only in crosses with strain 
1. Data, are available for this cross from progenies of seed harvested 
from each parent as a seed bearer, and from a progeny in which seed 
from both parents was pooled. 

In the cross 1X2, the hybrid was superior in performance to either 
parent. In the reciprocal, a gain over the maternal parent was shown, 
but this, however, did not reach significance. The hybrid progeny 
grown from the pooled seed gave an acre yield of roots of 16.96 tons. 
The mean acre yield of roots of the reciprocals was 17.09 tons, an 
entirely concordant value, which exceeds significantly the mean root 
yield of the parents. 

The divergence in root yields in the reciprocals seems attributable 
to difference in harvest methods employed. In the plots of the cross 
1 X 2, it was possible to exclude seifs rather rigorously, while for the 
plots of the reciprocals samples taken were not so restricted. The 
liybrid 2X1 did not exceed significantly the root weight found for 
strain 2. Since strain 2 is not known to be strongly self-fertile, it is 
to be presumed that the progeny contained a fair proportion of hybrids. 
It is known for other crops that the heterosis effect is less strikingly 
shown by vigorous inbred strains. 

STRAIN 3 

Strain 3 is characterized by dark-colored foliage, medium root weight 
(about equal to that of Pioneer), and high sucrose percentage. In 
leaf spot resistance it ranks above strain 2, but is less resistant than 
strain 1. Although it has since been extensively used in crossing, in 
these tests it was represented as a cross with strain 1 (test 5, table 2) 
in which the seed was not kept separate as to seed bearers (fig. 5, (7). 
The performance of this hybrid indicated a -root yield 40 percent above 
the mean of the two parents; the hybrid apparently is significantly 
above Pioneer in root yield. Sucrose percentage was high and approx- 
imated that of strain 1 . 




Figure 5. — Sugar-beet roots from plots planted with parental strains and with 
seed obtained by interplanting strains. (Roots taken from border rows of the 
plots but representative of roots from which data were obtained.) A, Strain 
5a (a), hybrid IX 5a (6), and strain 1 (c); test 4. Strain 7 (a); hybrid 7X1 
(b), strain 1 (c); test 3. C, Strain 1 (o), hybrid (1X3) (6), and strain 3 (c); 
test 5. D, Strain 1 (a), hybrid (1X6) (b), and strain 6 (c); test 5, 
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Strain 4 is represented by separate substrains, a and b, having 
essentially the same pedigree and close similarity in habit. The 
strain has been under observation since 1926 because of strong resis- 
tance to Cercosj)ora beticola. Strain 4b was used as the seed bearer 
in crosses with strains 1 and 15. The hybrid 4b X 1 did not give a 
root yield significantly above that of the mother strain; the root 
yield of the hybrid was apparently superior to the mean of the two 
parents. The hybrid 4b X 15 gave a root yield which was signifi- 
cantly above that of cither parent. In the latter cross, no attempt 
was made to separate the progeny into hybrid and sclfcd classes, 
nevertheless tlui root yield attributed to the hybrid was 43 percent 
above that of substrain 4b and 37 percent above the mean root yield 
of the parent strains. The root yield of Pioneer was exceeded by the 
hybrid by 55 percent. The occurrence of an epidemic of (iercospora 
leaf spot has been mentioned previously. In these tests, the hybrid 
4b X 15 was strikingly resistant, whereas Pioneer was susceptible. 
The ratio of performance with respect to Pioneer was decidedly 
influenceel by the differences in disease reaction. However, the 
disease influene'e was not a factor of importance in the ('comparative 
vigor of the cross and parents, since the' strains crossed are among 
the most resistant inbreds in the test. Strain 4a was crossed with 
strain 5b and strain 12, respectively, the seed from the seed bearers 
being pooled in the case of each hybridization. In the cross 4a X 5b, 
the root weight of the hybrid was only slightly above the mean root 
weights of the strains entering the cross or of Pioneer. The hybrid 
4a X 12 was found to produce a root weight not significantly superior 
to the paix'iital mean for root weight (fig. 6, ^1). It exceeded the com- 
mercial brand in root weight by 37 percent. 

STRAIN 5 

Strain 5, which is characterized by strong cercospora leaf spot re- 
sistance and a high degree of uniformity, was used as substrains a and 
b, which differed slightly in pedigree but represented selections out 
of the same genetic complex. Seven crosses were made using strain 
5 (either a or b) with strains 1 (in duplicate), 4a, 8b, 9c, and 10 
(reciprocal). The hybrids 1 X 5a and 4a X 5b have already been 
discussed. In performance, the hybrids were somewhat inconsistent, 
which may indicate that strain 5 is restricted in its value as breeding 
material. In the case of the cross with strain 10, in which reciprocals 
^vere tested, root yields differed rather widely but pr()bably not 
significantly. The hybrid 10 X 5a exceeded Pioneer significantly in 
rocjt yield but not its parents. The hybrid 5b X 9c exceeded in root 
weight the mean for root weight of the parents and significantly out- 
yielded the commercial brand. Pioneer, as well. 

UTILIZATION OF STRAINS 1 TO 5 

A detailed discussion has been given of strains 1 to 5 and their 
behavior in hybridizations because these strains, on the basis of this 
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l^iGUKE 6. — Sugar-beet roots from plots planted with parental strains and with 
seed obtained by interplanting strains. (Roots taken from border rows but 
representative of populations from which data were obtained.) A, Strain 
4a (o); (4aX12) (b), and strain 12 (c). B, Strain 7 (a), hybrid 8aX7 (b), and 
strain 8a (c). C, Strain 8b (a), hybrid 8bX14b (6), and strain 14b (c), D, 
Strain 11 (a), hybrid 11 X Pioneer (17) (6), and Pioneer (c). 
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test and other information, have been used in the production of a 
synthetic variety released for grower use as U. S. 217. A brief report 
has been made on this variety under the designation Accession 21 7 (:^) ; 
the strains of which it is composed were referred to as a, b, c, d, and e, 
corresponding to the numbers 1 to 5 as used here. U. S. 217 has 
performed satisfactorily in yield and in sucrose percentage, exceeding 
commercial brands used as checks. It has shown definite leaf spot 
resistance. 

OTlJEll STRAINS 

As shown in table 2, strains 6, 7, 8 (fig. 6, B and C), and 10 have 
given some hybrid combinations that show significant gains attribut- 
able to hybrid vigor. Strains 14 and 15, which were used only as 
pollen parents, hav(^ given evidence of inducing heterosis response 
and are discussed in connection with the various strains with which 
they were combined. Strain 12 was crossed with strains 1 and 4a, 
the seed not b(‘ing kept separate as to seed-bearing strain. In th(‘ 
(TOSS with strain 1, th(^ root yi('ld was significantly above the mean 
yield of the parents. In the cross with strain 4a, significant increase 
was noil shown. Strain 18 was crossed with strain (>, the seed not 
being kept separate* as to se(*d bearer. The root yield of the hybrid 
was not significantly above the mean yield of the parents. 

Strains 9 (including its substrains a, b, and c), II, 16, and the com- 
mercial brand. Pioneer, were used in crosses and have given addi- 
tional information on hybrid vigor, to which attention is called. 

Strain 9a as mated witli strain 1 was extensively used in test 1. 
The hybrid 1 X 9a, repivsenting the same cross as used in test 1, and 
the hybrid 1 X 9b and its reciprocal wtTc included in test 2. Because 
of th(> close similarity of the substrains, thes(* hybrids are (entirely 
comparable; limited s('ed (juantiti('s, however, made it necc'ssary to 
omit them from the first test . The root yields as found in test 2 for 
the hybrid of strain 9 and strain 1 showed for these three* c.ases in- 
creases ov(*r the mean of the parents of 111, 89, and 84 pc'rcent, 
resf)ectively. If comparisons are based on a in(*an yield for strain 9, 
obtained by averaging the root yields of 9a and 9b, this value for 
strain 9 being in turn av(*raged with the root yield found for strain 1, 
the percentages for incr(‘ase of hybrid over the parental means be- 
come, respectiv(*ly, 201, 199, and 194. In toms of the performance 
of the commercial brancl, the gains in root yi(*ld for the three cases are, 
respectively, 72, 70, aiul 60 p(*rcent. The mean acre yield of roots, 
20.19 tons as calculated for the hybrid in test 2, is somewhat less than 
the avt>rage shown in test 1, 22.41 tons; in the two tests, the commer- 
cial brand shows comparable differences in its yi(*lds. The two tests 
are in full accord as to the relatively high hybrid vigor shown. 

Strain 11, used as a parent in crosses, affords a very interesting 
series of hybrids for study of heterosis response. The strain is 
characterized by having a pink epidermis on the root and crown ns well 
as on the basal portions of the petioles, these color characters being 
dominant. When strain 11 was crossed with strains without pink 
roots or petioles a definite marker character to identify the Fi plants 
was available in the crosses in which strain 11 was the pollen parent. 
Thus, in the cross 9a X 11, all plants with pink roots or petioles were 
identified hybrids, and the performance data shown for this cross 
(test 2, table 2) are based on the Fi class (fig. 7). The increase in root 
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Figure 7. — Ay Hybrid 9aXll. View along the row of a plot planted with seed 
obtained by interplanting strains 9a and 11, the former being the seed bearer. 
The ruler stands between two seifs of 9a, the plants adjacent are Fi, their 
hybrid nature being assured by pink petiole color, a dominant character trans- 
mitted by strain 11. By Hybrid 9a XU. Hoots from a border row of another 
plot planted with some of the same seed as the plot shown in A, The roots are 
arranged as they occurred in the row. The five large roots are from Fi plants, 
as identified by the pink petiole character. C, a, Strain 11, as grown in nearby 
plot, hy Hybrid llX9a. Roots grown in border rows of a plot planted with 
seed in which strain 11 was seed bearer; roots could not be closely separated into 
hybrid and selfed classes. These are representative of roots from which data 
were obtained, c, Strain 9a as grown in nearby plot. 
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yield for the hybrid is more than double that of either parent. In the 
reciprocal cross, the performance record could not be based entirely 
on the Fi class, although the majority of seifs could be eliminated. 
In spite of this limitation, the performance of the hybrid was out- 
standing. 

The cross 11 X 1 (tost 2, table 2) is another example of striking 
liybrid vigor. It should be noted that strain 11 is very susceptible to 
cercospora leaf spot. If strain 11 is mated with a resistant strain, for 
example the cross of strain 11 and strain 1, the hybrid vigor that may 
be indicated on the usual basis of interpretation is undoubtedly 
influenced by the unlike effect of the disease on the parental strains. 
Since resistance to the disease in this cross is at least partially dominant, 
over susceptibility, the hybrid would give relatively a high j)erformance 
in relation to the more susceptible parent in tests conducted under 
disease epidemics. It is difficult therefore to assess the extent to 
which the reaction of disease was a factor in the performance of the 
crosses of strain 11 with strains 9 or 1. It is certain, however, that the 
disease factor was not sufficient to account for tlie striking contrast of 
liybrid and parents. 

Strain 11 as a parent in crosses wdth strains 1 and 9a liad produced 
hybrids remarkably superior to the parents, yet when crossed with 
strain 10 it did not produce a similar response. In the cross 10 X H 
(test 2, table 2), the ])erformance of the certified hybrid plants was not 
appreciably unlike that of the mother strain. Reference to table 1 
indicates that strain 16 is removed from the open -pollinated variety 
by only two genei’ations, one of which was a selfcd generation. The 
heterozygous condition of strain 10 may account for the results 
obtained. 

Selected roots from the commercial brand, Pioneer, were crossed 
with strain 11 and with strain 1 to produce the type of cross usually 
designated as top cross. In the cross Pioneer (17) X 11 (table 2), it 
was possible to base the performance record upon hybrid plants by use 
of the red-pctiole-color cliaracter of strain 11, which is not found in 
Pioneer. In the reciprocal cross, the plot sample could not be reduced 
so positively to Fi plants (fig. 6, Z>). In the c‘.ase of both Pioneer 
(17) X 11 and the reciprocal, the hybrid yield was about the same as 
that of Pioneer. The cross Pioneer (17) X 1> and the reciprocal 
(table 2, tests 1 and 2) show performance records in line with the top 
cross just discussed. 

It may be significant, however, that using inbred strams that are low 
in yield in top crosses did not result in a hybrid reduced in vigor below 
the average of the heterozygous variety. Hence, it may be possible 
by top (Tossing to impart desirable characters from highly resistant 
or high-sucrose inbreds to vigorous heterozygous varieties without 
reduction of yielding capacity taking place. 

DISCUSSION AND SUMMARY 

The hybrids obtained in more than two-thirds of the crossings re- 
ported in these tests have shown significant increase in root weight 
attributable to vigor of hybridity. With some hybrids no response 
was shown, and in others the gain found was within chance occurrence. 
In general, these quantitative effects from hybridization are believed 
indicative that heterosis is a determinative factor in root yields of 
sugar beets. 
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In certain crosses, the hybrid plants were definitely identified by a 
color character, and in the sampling of plots seifs could be excluded. 
In one case, the root yield of the hybrid was more than double that 
of either parental strain. In the cross 1X9 and its reciprocal, the 
determinations were based largely on Fi plants, since the seifs could 
be eliminated fairly completely from the plot samples. The hybrid 
was given extensive test; and it was shown that, regai*dless of the 
direction of the cross, the hybrid was significantly greater in root 
weight than either parent by more than 60 percent. From this, it 
has been concluded that the effects demonstrated are attributable to 
heterosis and are not the expression of some simple dominants pos- 
sessed by one parent. Crosses involving strain 1 as a maternal parent 
and various other inbreds as pollen parents were consistent in giving 
hybrids superior in root weight to strain 1. In the crosses in which 
strain 1 occurred as the pollen parent, the hybrid was often, although 
not always, superior to the maternal strain. This seemed more 
likely to occur when strain 1 was mated with vigorous strains. 

In the cases in which no attempt was made to separate hybrid and 
s(dfed classes in the progeny obtained from a pairing, the performance 
found was definitely influenced by the presence of lower yielding selfed 
plants, bringing about a strong trend in the yields toward that of 
the seed-bearing parent. In spite of this effect of nont;xclusion of 
seifs, many records were obtained in which the progeny from a mating, 
taken as a whole, was significantly superior to the mean of the parents 
and frequently superior to each parent entering a cross. 

Nearly three-quarters of the hybrid progenies gav(‘ root yields 25 
percent higher than were found for the commercial brand used in 
each test. Thus, 7 hybrids out of 10 used in test 2 (table 2), 10 out 
of 11 in test 3, 6 out of 11 in test 4, and 7 out of 9 in test 5 were sig- 
nificantly superior to Pioneer in root yield. The commercial brand 
was, in many cases, somewhat more seriously affected by cercospora 
leaf spot than the more resistant strains or their hybrids. Because 
of this factor, direct inference as to the effect of hybrid vigor in in- 
creasing root weight may not be made, but it seems clear that with 
certain hybrids the gains in yield over the commercial brand are 
enough beyond those reasonably attributable to superior disease 
resistance to indicate definite increase in productivity from heterosis. 

Coordinate in importance with the e.ffect of hybridity on root weight 
is its efl’ect on richness in sucrose. Reciprocal crosses (test 1, table 2) 
seemed to show a trend in sucrose percentage toward that of the 
maternal parent. This is believed assignable to incomplete elimina- 
tion of seifs, since the mean sucrose percentage of reciprocals was 
approximately equal to the mean sucrose percentage of the parents. 
In the tests of 41 hybrid progenies, their mean sucrose percentage 
rather closely approximated the mean sucrose percentage of Pioneer, 
indicating strong maintenance of requisite quality. 

It is customary to evaluate sugar-beet varieties in terms of gross 
sugar produced per unit of area. Because of the definite indications 
for many of the hybrids of strikingly increased weights over the 
parental material and of sucrose percentages about equal to the mean 
of parents, the increase in productivitjr in terms of sugar follows essen- 
tiallv the response in root weight attributable to hy&id vigor. 

The situation as to the yielding capacity of inbred strams is in a 
measure shown by these tests. Among the 16 strains used, some of 
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which are the product of many generations of inbreeding, 2 were 
found, under the conditions of these experiments, to be significantly 
superior and 2 significantly inferior to the commercial brand in acre 
yield of roots. The other strains did not differ significantly in root 
yield from Pioneer. The average performance of the inbred strains 
and that of the commercial brand were very similar. Certain strains 
were strikingly resistant to cercospora leaf spot, while others were 
susceptible. As a group, they were more resistant than the com- 
mercial brand, a factor which must be taken into account in consid- 
eration of relative yielding capacity. The performance of many of 
the inbred strains as they now exist warrants the opinion that their 
productivity is still relatively high after a number of generations of 
inbreeding. 

The experience with first-generation hybrids suggests that in the 
j)rogram for sugar-beet improvement purposeful crossing of strains 
found to give strong heterosis response may have an important place. 
Introduction of a synthetic variety, U. S. 217, produced by inter- 
crossing five of the strains which were found in these tests to give 
indications of such rc'sponse and which were, in addition, high in 
cercospora leaf spot resistance, represents an attempt in this direction. 

The practical breeding problems to be faced in production of high- 
yielding hybrids or desirable synthetic varieties hinge in part upon the 
production of disease-resistant and otherwise desirable inbred strains. 
Advantageous combinations probably will need to be found because 
of the general tendency of yielding capacity to decrease with in- 
breeding. Seed setting among the strains has not been excessively 
low, whence it would appear that seed stocks of these strains in con- 
siderable size may be produced without excessive cost. The im- 
portant problem of securing a high degree of intercrossing between 
chosen strains must be faced. The only practical method now avail- 
able of secui’ing intercrossing seems to be to pool the seed of strains for 
planting the seed field. In the production of U. S. 217, the five 
inbred strains were variously paired to produce stock seed in three 
fields, and the stocks thus obtained were pooled for use as planting 
stock for commercial seed production by the field-overwintering 
method. A study of the synthetic variety thus produced indicates 
that a fairly high degree of intercrossing took place, but many ap- 
parent seifs were found. Observations made in the course of th^e 
tests with single crosses showed that the amount of cross fertilization 
occurring may vary from as much as 90 percent to less than 10 percent. 
Further, it is known that climatic conditions affect the rate of seed- 
stalk formation, seed setting, and viability of strains differentially, 
making it necessary that response of strains to these factors be taken 
into account in the sugar-beet-breeding program. 

Certain crosses also indicate that heterozygous varieties otherwise 
desirable may be imfjroved with respect to specific characters by the 
method of top crossing. By a course of intensive inbreeding and 
selection in segregating populations, it is possible to make faster 
progress in establishment of characters such as high disease resistance 
or high sucrose percentage than will be accomplished by mass selection. 
In the event that reduction in vigor takes place, it ai)pears from these 
tests that the inbred strains which can contribute a desired character 
may be used in top crosses without necessarily reducing the growth 
potentialities of the heterozygous mother. 
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Methods employed by European finns engaged in production of 
sugar beet seed are essentially mass-selection methods. A brand or 
variety as supplied consists of a heterozygous population whicli, as a 
result of adherence to progeny tests in the selection of breeding stock, 
conforms in average performance with reasonable fidelity to a given 
physiological classification, such as tonnage, intermediate, or sugar 
type. As might be expected, improvement has been slow. Tiliat there 
has been increase in productivity in recent decades has been questioned 
(S). Varieties with special adaptation have, in general, not been 
produced. In many respe(*ts, the European varieties of sugar beet 
are comparable in status to high-grade open-pollinated corn varieties. 
The evidence that strains of sugar beet can be produced which have 
special characteristics such as disease resistance or high sucrose per- 
centage and the showing that definite heterosis response exists between 
certain strains opens up definite opportunities in development of 
varieties better adapted for American conditions and actual increase 
in sugar beet productivity. 
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ROOT RESPONSES OF NONINFECTIOUS HAIRY ROOT 
APPLE SEEDLINGS UNDER DIFFERENT METHODS OF 
PROPAGATION^ 

By E. A. SiEOLER, pathologist, and J. J. Bowman, assistant pathologist, IHvisUm 
of Fruit and Vegetable Crops and Diseases, Bureau of Plant Industry, United 
States Department of Agriculture 

INTRODUCTION 

In tlio last docado the commercial production of apple {Malm) 
seedlings for use as rootstocks has greatly incrciuscd in the region 
around Yakima, Wash. During this period seedling growers, espe- 
cially in this region, have been using in large amounts domestic 
American seed obtaiiuHl from various commercial apple varieties of 
or the Northwest. 

In cooperative experiments with sevcu'al nurserymen, tlie writers 
have had an opportunity to compare secHllings grown from imported 
French crab with those growii from domestic sc^ed. It has been 
observed repeatedly that a relatively large' percentage of the seedlings 
from domestic seed are characterized by a condition on their roots tliat 
has been termed ^diairy root'' and “simple form hairy root" 

{11, 17). The latter term was used to describe J -year-old seedlings 
that exhibiteul excessive lateral roots in tlie region extending from th(‘ 
collar to a distance of several inches below th(^ ground line. 

In conversation and correspondence with nurseryimui the writers 
liave ref(UT(»d to this type of malformation as “noninfectious hairy 
root," because no evidence that the conditioji is the result of infection 
has been noted either in the literature or in field observations. 

The situation resulting from the use of domestic seed has created a 
problem of considerable economic importance to the S(‘edling grower 
and to the commercial propagator. Field counts indicate that 
approximately 20 percent of the average run of domestic seedlings ar(‘ 
aiT(>cted. Tlu' subject is also of interest to the investigator concerned 
with the problem of rootstocks, because many of the clones of the 
Mailing types of Paradise and other dwarfing apple stocks as selected 
by Hatton (5, 6) exhibit root systems tliat sliow conditions soim^what 
similar to noninfectious hairy root. The extent of this similarity, 
however, cannot be determined until comparative observations are 
made on 1-year-old plants of these Mailing clones. 

The studies reported herein were undertaken to obtain information 
on the natures of the root systems of these abnormal seedlings and 
their responses under diflerent methods of propagation. Specificall}" 
information was needed as to what advice should be given to nursery- 
men regarding the use of normal-appearing portions of afhicted 
seedlings. 
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REVIEW OF LITERATURE 

In Downing’s time (4), the fact that root systems differed, especially 
in the cff*ect on the scion variety, was well recognized. He noted th(‘ 
dwarfing effect produced on apple and cherry when worked on Para- 
dise and ^^perfumed” (mahaleb) roots, respectively. Paradise and 
Doucin stocks were imported into this country for many years 
specifically for producing dwarf trees {18^ 35). In general, these 
stocks were characterized by aerial burrknots and by masses of roots 
growing in tufts or clusters near the ground line. Their rooting habits 
and tendency to produce shoots near the ground line rcndercHl them 
especially adaptable to propagation by ^^stooling.” 

Knight {13) and many others have referred to the use of burrknots 
as an aid to rooting. The practical synonymy of the terms ^^burr- 
knots,” “aerial crown gall,” “stem tumors,” etc., has been noted 
(/7, 27, 30), and despite the fact that symptoms have been produced 
by inoculations {27), the cviden(*e indicates that these malformations 
are not caused by a pathogenic organism but arc of a genetic nature 
{9, 10, 16, 17, 20, 29). That individual plants exhibiting burrknots 
are characterized generally, if not invariably, by abnormal rooting 
is indicated by the illustrations of several investiga tors (.5, 6, 11, 17, 22) 
and by general observations. 

The term “hairy root” {28) was used to describe the large masses 
of roots on the main root axes of nursery apple trees. Later, Iledg- 
cock {11) used the term ^^simple form hairy root” for these and simi- 
lar malformations on the stem and roots of apple seedlings. Pie 
described the symptoms as consisting “of numerous small roots 
growing out at nearly right angles, either singly or in tufts, from an 
older root or stem.” In the absence of information as to the cause 
of this condition, he naturally advocated segregation of affected 
seedlings as a routine precautionary measure. However, it is signifi- 
cant that he concluded (1) that the condition was not associated 
with wounding, (2) that it was practically eliminated when affected 
seedlings were not used in grafting, and (3) that wlien afl‘ected seed- 
lings were used in piece-root grafting there followed in the second 
year “an atrophy of the hairy root pieces.” 

As a result of experiments in which apple seeds were grown in 
steamed soil, Muncie concluded that “the fibrous type of hairy 
root is probably not infectious” and that the condition is the result 
of some inherent character of the seedling. Later, however, Muncie 
and Suit {22) showed a seedling with the “fibrous type of hairy root” 
as “characteristic of the condition found on nursery trees grown in 
sandy soil.” They stated that on the quince the formation of 
clusters of roots appears to be the natural rooting habit and is not 
associated with bacterial infection. Maney {17) planted several 
hundred 1 -year-old affected apple seedlings anti noted that the 
masses of rootlets that subsequently originated on the stem arose 
“from typical burrknots.” He concluded that “the simple form of 
hairy root on apple seedling stock is caused by burrknot.” 

The problem of adequately describing various types of root sys- 
tems is obviously a difficult one. That individual roots and root 
systems as a whole or in part may exhibit quantitative and qualita- 
tive differences is well recognized {5, 8, 14, 23, 24, 26, 32, S3). Criteria 
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for descriptions, however, are wanting (Sf), and as a result consider- 
able confusion exists. The various interpretations that have been 
placed on the word “fiber’’ illustrate this point. Other difficulties 
involved include variations due to the many environmental factors 
that may be encountered and to the fact that difl'erent parts of the 
root system often display unlike charac.teristics. 

Under the existing situation, therefore, emphasis in this report 
will be placed on quantitative features and, as a matter of expediency, 
root systems that exhibit a comparatively large number of small 
lateral roots on the current season’s growth will be designated as 
abnormal (alfected). Although there is no sharp dividing line be- 
tweeui the normal and abnormal, nevertheless symptoms of abnor- 
mality as they refer to excessive numbers of lateral roots originating 
on a well-defined axis, can be roughly (dassified according to degree, 
as slight, moderate, or pronouncecl. 

MATERIALS AND METHODS 

The experiments were performed with the use of (1) root cuttings, 
from whicJi plants were propagated directly; (2) grafts, made from 
piece-root cuttings; (3) l-year-old seedlings; and (4) seed from various 
sources. Plantings were made either in steamed soil in the green- 
house or in nontreated soil in the field. 

S(H‘(Uings showing abnormalities in roots or in rooting arc desig- 
nated “noninf(U'.tious hairy* root seedlings,” and th(i symptoms are 
classified as slight, moderate, or pronounced, on a quantitative 
(numerical) basis. The parts of tlu'se affected seedlings not exhibiting 
symptoms are referred to as “clean” to distinguish them from 
similar-appearing areas on normal plants. 

EXPERIMENTS AND RESULTS 

PRELIMINARY EXPERIMENTS 

Because of the difficulty of classifying seedlings that exhibited 
very slight symptoms of noninfectious hairy root, several hundred 
l-year-old seedlings that were classed as “bordorliiKi” easels w"('re 
planted in 1920 to observe their future development. Wln?n dug 1 
year later, approximately 50 percent of these secHllings showed definite^ 
symptoms. This experience was of value in subseepient experiments, 
since it afforded some basis for diagnosis in discarding seedlings in- 
tended for use in crown gall and hairy root experiments. 

In preliminary experiments in 1936 a small number of root cuttings 
were made from the seedling (domestic) roots of several l-year-old 
grafts that showed moderate symptoms of noninfectious hairy root. 
The cuttings were planted horizontally about 1 cm. deep in sterile 
soil in a greenhouse and grown in comparison with root cuttings 
obtained from grafts of a clonal material known as U. vS. D. A. Vt. 323, 
which had hexm under observation for several years and whicli ha<l 
never shown symptoms of abnormal rooting. When examiruHl 1 y(*ar 
later the IT. S. 1). A. Vt. 323 root cuttings were normal ; the six surviving 
Iilants of the moderate noninfectious hairy root s(uies showed rela- 
tively slight symptoms on the original root pieces, but pronounced 
symptoms at the base of the new shoot growtli. 
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In the same year, root cuttings from the “clean^-appearing areas of 
noninfectious hairy root seedlings were planted. All of the 12 surviv- 
ing plants showed symptoms. 

Tlie results of these preliminary experiments with root cuttings 
indicated that although the condition is systemic or inherent, stem 
rooting tends to reduce the severity of the symptoms on the original 
root piece. Accordingly, the experiments of 1938, reported subse- 
qiK'iitly, were designed to furnish additional evidence along these lines. 

Incliuh'd in these earlier experiments is a report of the results 
obtained in comparisons of sec^dlings grown from seed procured from 
various source's. Field ol)servations had indicated that the progeny 
of domestic seed wc'ie particularly affected. The data in table 1 
show wide variations in the percentage of noninfectious hairy root 
scHHllings in the progeny of certain crosses and in the si'edlings from 
certain seed sources. 

Tabi.k \ Amoimi of noriinfecMous hairy root observed on 1-year-old seedlings 
segregated os to source of seed 





Noninfee- 

Source of seed 

Locality wliere grown 

Seedlings 

examined 

tious hairy 
root seed- 




lings 



Number 

Ptreeni 

Domestic 

Beltsvillc, Md. (steamed soil, 
greenhouse). 


20 


Froncli crnl) 

. .do .... 

49 

2 

(Domestic. . 

Beltsville, Md. (field) 

r>20 

16 

French crab , . 

do. 

322 

4 

Domestic . . 

Kansas .. ..... 

300 

16 

French crab ... 

do 

300 

2 

Delicious. 

Beltsville, Md. (field) 

200 

2 

Rome Beauty X 0 1 . 

...do 

200 

5 

Winosap X 0 

... do 

200 

5 

■French crab . 

... do - . 

200 

0.6 

(Baldwin X 0 

Beltsville, Md 


0 

Ben Davis X 0 .. 

do. 

3.50 

16 

Bonum X 0.. 

do ... . . 

147 

21 

Delicious X 0. 

do. . . 

244 

5 

Domestic X O ... 

do , . 

50 

16 

Gallia X 0 .. .. 

..do ... 

204 

14 

Grimes Golden X 0. . .. 

. do 

87 

13 

Golden Delicious X 0 .. . 

do . 

220 

18 

Jonathan X 0. 

do 

136 

0 

King David X 0 

Macoun X 0 

...do 

70 

0 

.do. 

41 

22 

McIntosh X 0.. . 

do.. 

170 

13 

McInto.sh X Delicious 

do 

151 

30 

McIntosh X Northern Spy . _ 

Nero X 0 . 

- do 

219 

24 

... do.. ... ... .. 

100 

0 

Northern Spy X 0 ... 

1 do 

342 

32 

Northwestern Greening X 0 

do 

220 

9 

Oldenburg (Duchess) X 0 

. . .do. .. .... ... 

63 

0 

Rome Beauty X 0 

do 

225 

15 

Stayman Wi nosap X 0. . . .. 

do 

63 

5 

Starking X 0 

do 

164 

4 

Stella XO 

do 

106 

2 

Summer Pearmain X O. 

do 

102 

12 

Transcendent X 0 . . . 

do 

20 

0 

Wealthy X 0. .. 

do 

100 

0 

Williams X 0 

do 

165 

0 

Winesap XO - 

do 

108 

17 

Winter Banana XO.. 

do 

209 

9 

Yellow Transparent X 0 

do 

35 

0 

‘York Imperial X 0 

do. 

191 

22 




> “X 0" signifies open or unprotected pollination. 

EXPERIMENTS WITH GRAFTS IN 1938 

Forty-three seedlings showing symptoms of noninfectious hairy 
root ranging from moderate to pronounced were selected, and eacn 
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seedling was given an individual number and thus identifi(»d as clonal 
material. Tht^se seedlings showed excessive rooting, ext(>nding from 
the hypocotyh'donary region at the ground line to a distance ranging 
from 2 to 4 inclu'S down the main axis. Typical (wamples are shown in 
ligun* A, B, ( 7 , in comparison with a normal sec'dling (D). The 



l^'iatTRE 1. — One-year-old apple seedlings typical of those used in the experi- 
ments: Af Bf Seedlings showing moderate symptoms of noninfectious hairy root: 
t ', seedling showing somewhat less symptoms; normal seedling. 


lower portions of tlie main axis and most of the side roots of tliese 
noninfectious hairy root seedlings appeared normal in all resjiects; 
such normal-appearing areas are designated “clean. 

Stem cuttings (scions) were grafted to the proximal root pieces of 
the seedling from wdiich they were cut, thus preserving the original 
combination of each graft. ()f these 43 grafts that were planted in the 
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field, 40 grew and were exainined as 1 -year-old trcH's. Tlio results 
(table 2) show that the symptoms on the original root pieces of the* 
J -year-old grafts werci in all cases less pronounced than wlien they 
were originally grafted, as judged by comparison with photographic 
records. In all cases slight to jironouncx'd rooting occurred on the 
scion; the more pronounced the scion rooting, tlnr more th(‘ symptoms 
were su])pr(5ssed on the original root pi('ce. As an examph*, the condi- 



PiGUHE 3. — A l-yoar-old graft resulting from grafting a scion, from a seedling 
showing pronounced symptoms, to its own root ])iece. Pronounced symptoms 
are apparent on the scion part of the graft, l)ut the symptoms on the original 
root piece (a) have been suppressed. The side shoot (h), originating just below 
the graft union, exhibits pronounced symptoms at the region near the ground 
line. 

tion of the root in the original seedling is shown in figure 2, A; in the 
l-year graft in B; in the plant that grew from a root ^^utting from a 
‘^clean” portion near the distal end of this seedling in C. In this 
illustration the symptoms on the original seedling now incorporated 
in the l-year graft are classed as slight. As might be expected, the 
underground parts of adventive shoots that occasionally sprouted 
from below the graft union and subsequently rooted exhibited 
pronounced symptoms at the distal regions (fig. 3). 



746 


Journal of Agricultural Research 


Vol. 60, No. 11 


Table 2. — Results obtained on grafts whose root pieces showed moderate to pro- 
nouneed sgmptoyns of 7 hon infectious hairy root 'when grafted 




Symptoms on the 1 -year-old trees 

Symptoms on original root 
pieces of 1 -year-old 
seedlings 

Grafts 

that 

On original root piece 


On scion 


grew 

Slight 

Moder- 

ate 

Pro- 

nounced 

Slight 

Moder- 

ate 

Pro- 

nounced 

Moderate 

Pronounced 

Number 

21 

19 

Number 

21 

0 

Number 

0 

19 

Number 

0 

0 

Number 

f) 

5 

Number 

12 

9 

Number 

3 

5 


EXPERIMENTS WITH ROOT CUTTINGS IN 1938 

Spveiity-eH«:lit piece-root cuttint^s were taken from the same 43 
noiiinfectious hairy root seedlings the proximal root pieces of which 
were used for grafting in the preceding experiment. Tliese root ciit- 
ings were classified either as ^^clean’^ or with respiM't to tlie degree of 
symptoms displayc'd. The cuttings W'cre segregated according to the 
seedlings from which they were obtained. They were planted verti- 
cally in pots in steamed soil with the top ends partly above ground so 
as to prevent rooting from the new shoots. Forty-four of these root 
cuttings produced plants that were dug as 1 -year-old trees and 
classified as outliiUHl in table 3. 

Table 3. — Results obtained frotn planthig root cuttings taken from 7ioni7ifectious 

hairy root seedlings 


Symptoms on root cutting 

C!utting.s 
that grew 

Symptoms on the 1-year-old plants 

Slight 

Moderate 

Number 

2 

f) 

0 

Pronounced 

Moderate 
to ])ro- 
nounced 

“Clean” (no symptoms) 

Slight 

Number 

32 

2 

1 8 

2 

Number 

2 

0 

0 

0 

Number 

‘ 0 

2 

2 

Number 

30 

Moderate 

Pronounced - . . 




The results show that under suitable conditions the clean” (symp- 
toniless) parts of affected seedlings will develop symptoms. In the 
absence of scion rooting, the symptoms on the original root pieces 
either were made manifest on plants from the 32 ‘‘clean” cuttings, or 
were in general accentuated on plants from the affected cuttings, as 
determined by comparison with the photographs of the original roots 
(fig. 2, A &). 

For comparison, 50 seedlings that appeared normal were selected 
for root-grafting and root-cutting experiments. A piece of the stem 
from each seedling was grafted on the proximal part of its own root. 
When dug 1 year later the root systems of 47 of the grafted trees were 
normal; the remaining 3 showed moderate symptoms of noninfectious 
hairy root on the original root piece. In the lot of 47 trees, scion 
rooting invariably occurred; but these scion roots generally occurred 
singly, and from their size and texture they were tentatively considered 
as normal (fig. 4, A). 

Of the 100 root cuttings from the 50 seedlings selected as normal, 
56 grew. The root systems of 53 of the resulting 1 -year-old plants 
were classed as normal (fig. 4, B) ; 3 exhibited moderate symptoms of 
noninfectious hairy root. 
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The fact that a few of the plants grown from parts of normal seed- 
lings evidenced symptoms of noninfections hair}^ root was somewhat 
surprising. The percentage is considerably higher than that usually 
encountered in routine grafting experiments made by the writers. 



I'"iouRE 4. — Tm^s resulting from the use of normal seedlings. ^4, A 1-year-old 
graft resulting from grafting a scion from the seedling to its own root piece. 
The lower part of the graft union is at a. Despite the scion roots, which are 
considered normal, the caliper of the root i)iece is very good. A 1-year-old 
tree resulting from a piece-root cutting taken from a normal seedling. Note 
the branching habits of the numerous smaller roots. 

It is possible that rooting above the collar may have masked noninfcc- 
tious hairy root symptoms on these seedlings when th(\y were selected. 

EXPERIMENTS WITH l-YEAR-OLD SEEDLINGS 

In addition to the experiments with grafts and root cuttings, twenty- 
five 1-year-old seedlings showing moclerate symptoms were cut back 
to approximately 10 inches of stem growth and were planted hori- 
zontally to encourage rooting from the buried stem tissue. Of the 28 
plants surviving 1 year later, 21 had rooted from the stem, and the 
noninfectioushairy root symptoms on the original root were]suppressed 
in direct proportion to the amount of stem rooting. These stem roots 
all came from the regions of the buds, usually in clusters of several to 

243872—40 8 
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many. The plants shown in figure 5 were selected to illustrate various 
types of stem rooting and to show the lack of symptoms on the original 
roots, which had exhibited moderate symptoms when planted. The 
plants shown in figure 5, A and were typical of the lot; that shown 



Figure 5. — Two-ycar-old seedlings from l-year-old layered affected seedlings. 
Various types of stem rooting are shown, and the symptoms on the original 
roots have been suppressed. The original root-stem junctions are at a. A and 
By More typical cxamiiles of the types of stem rooting encountered. C, Stem 
rooting is j^ractically normal in appearance, but there were slight intlications 
of symptoms on some of these roots. 

ill C exhibits what may be tentatively considered normal stem rooting 
in mode, number, and texture. However, a slight tendency to ex- 
hibit noninfectious hairy root symptoms is observed on some of these 
stem roots. Considerable variation has been observed in the type 
and number of roots arising on stem tissue, even on the same plant. 
The 2 plants that did not push stem roots made very poor growth and 
the s 3 ’^mptoms on the original root pieces were pronounced. 

DISCUSSION 

The reasons for using the term “noninfectious hairy root’^ have been 
fiven. Although the possibility that a virus may be an etiological 
gactor should not be disregpded, there is at the present time no 
evidence that the condition is infectious. Hedgcock (11) concluded 
that the condition was not associated with wounding, in contrast with 
other types of malformations that he described as “soft crown gall/^ 
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*^hard crown gall,” and woolly knot” form of hairy root. Mimcie/s 
(21) experiments in which he grew apple seed in steamed soil furnished 
better evidence that the condition is not caused by a i)athogen. Other 
evidence favoring this point of view includes (1) the fact that symp- 
toms have never been observed on the current season^s growth oi root 
systems when the older roots are normal; (2) the lack of spread of 
symptoms to scion part of graft on commercial varieties; (;|) the 
failure of symptoms ever to appear on (certain clones that consistently 
have exhibited normal roots; and (4) the ability either to suppress or 
to produce the symptoms at will, as demonstrated in these experiments. 

The exp('.rimcnts in growing grafts and root cuttings were designed 
to afford a strict comparison of the reactions of root cuttings with 
those of grafts, clone for clone. These experiments also furnished a 
close comparison of the reactions of 1 -year-old sei^d lings with l-yc'.ar-old 
grafts. The regrafting of the stem part of a seedling to its own roots 
merely simulated tlu^. commercial propagation of dilTcu-ent varieties 
by grafting, but it was rcasoiKHi that this procedure would afford an 
opportunity for scion rooting with the elimination of complicating 
factors due to either mechanical or physiological incompatibilities. 

TIk'. r(‘sults of the experiments of 1938 confirm those of previous 
years and demonstrate that this noninfe(‘tious hairy root condition 
is inhenuit and that the symptoms are influenced by the dc'gree of stem 
rooting. The grafts were planted in a normal manner and thus wer(‘ 
afforded an opportunity for scion rooting; the root cuttings were*, 
planted so as to eliminates rooting from the newly pushed vshoots. All 
of the grafts pushed roots from the stem portion, presumably becaus(‘, 
of th(^ juvenile condition of the scion wood, and th(^ symptoms of non- 
infectious hairy root on th(‘, original root piece* weu'e less marked than 
they were at tlie^ time the grafts were made. However, in the case of 
the root cuttings the newly pushed shoots did not bear roots and the 
symptoms werei (‘itlier made^ manifest or were intensified on the original 
root picHM*, depending upon whether it came from andean” area or from 
an area exhibiting symptoms. It follows that the use of any portions 
of noninfectious hairy root sec^dlings in propagation will result in 
manifestations of the symptoms unless the scion variety pushes vig- 
orous scion roots. 

The experiments on grafts and on the 1-year-old seedlings arc 
clos(>ly comparable. By planting the s(u>dlings horizontally (layering) , 
the stem portions were afforded an opportunity for rooting, and the 
results are similar to those*, of the grafting experiment in that stem 
rooting suppressed tho symptoms on the seedling roots. 

The experiments with grafts and root cuttings made from normal 
roots demonstrated that in general the root systems remained char- 
acteristic for normal plants. That errors of judgments, however, may 
be made in classifying seedlings is to be expected, in view of the fact 
that symptoms are so varied. The fact that over a period of years no 
symptoms have (>ver been observed in the thousands of 1-year-old 
plants grown from root cuttings of U. S. D. A. Vt. 323 is an indication 
of the constancy of characteristics of root systems, on young plants at 
least. 

For convenience, and in the absence of definite standards for a 
normal root system, noninfectious hairy root symptoms on 1-year-old 
seedlings were classified on a quantitative basis as slight, moderate, 
or pronounced. An excessive number of lateral roots is the chief dis- 
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tinguishing characteristic, regardless of their morphological arrange- 
ment on the main axis. These roots may be either (1) in closely 
spaced fascicles (burrknot type), (2) in a more or less linear arrange- 
ment, or (3) scattered promiscuously around the axis, as illustrated in 
figure 1, Aj B, and C, respectively. Obviously, intergradations occur 
between all of these arbitrarily selected and somewhat indefinite “types,’ ^ 
as well as between normal and affected seedlings. Although theses 
roots generally have a relatively thick phloem region (“cortex”), this 
more or less “fleshy” condition is apparently usual for abnormally 
developed roots and presumably is caused by improper functioning. 
A somewhat distinguishing characteristic is the lack of branching of 
the smaller roots as compared with normal feeding roots. And, finally, 
it should be noted that normal-appearing roots may be interspersed 
along the axis with these abnormal roots. 

Two subjects of interest in connection with root systems that dis- 
play noninfectious hairy root symptoms are (1) the degree of associa- 
tion with aerial burrknots, and (2) the possible dwarfing effect when 
used as rootstocks. In the absence of evidence obtained in a compari- 
son of clones selected for the purpose of determining these })oints and 
propagated by the same methods, a detailed discussion of these ques- 
tions is not warranted. In general, however, clones that display 
burrknots arc recognized as being good stem rooters (6, 7, 7(9, 77), 
and the tufts of roots arising from burrknots may be considered as an 
abnormal condition similar to noninfectious hairy root (77). It has 
been observed (70) that although not all Paradise (layered) stocks 
produce aerial knots, they do develop “tufts of roots resembling those 
that grow from burr knots.” 

Unfortunately, there is no experimental evidence on the question 
as to whether seedlings that exhibit noninfectious hairy root symptoms 
will, when mature trees, develop root systems similar to those of the 
dwarfing Mailing types of Paradise and other dwarfing rootstocks. 
The root systems of severely affected 1- and 2-year plants are char- 
acterized by regions in which small lateral roots occur in such profusion 
as to result, presumably, in a restriction of normal functioning. Fur- 
ther, the parts of the root situated distally to (below) regions display- 
ing pronounced symptoms frequently are considerably atrophied and 
bare of small lateral feeding roots. Thus the root systems of affected 
plants should eventually become limited in size in the sense that the 
quantity of lateral roots bearing the finely divided feeding roots will be 
relatively small. 

That a limited size of the root system is an important factor in 
dwarfing is a general conclusion justified by the evidence submitted by 
several investigators {12, 25, 26), It is therefore suggested that the 
responses obtained in the affected plants in these experiments may 
offer a reasonable explanation for dwarfing on the basis that the number 
of roots that can function efficiently is relatively small. 

These studies indicate that in aSfected young plants the expression 
or manifestation of symptoms may be largely dependent upon the 
influence or dominance of some proximal region. To further illustrate 
this dominance, and to indicate that the degree of atrophy is greater 
than is usually encountered, reference is made to Lincoln {15, fig, 7, 
No, 4) and to Hedgcock (77, pi, VII, jig, 7). 

That some characteristics may change as the root system becomes 
older is indicated by descriptions of the dwarfing clone Mailing type 
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IX, which as a 4-year-old tree may exhibit “much fibre chiefly on the 
upper part of the root system^ ^ (S4), but later {2) as a 15-year-old tree, on 
which, however, Bramley's seedling had been grafted, there is no 
evidence of “fibre,” and the long lateral roots bear comparatively few 
normal finely divided feeding roots. 

The above discussion is an attempt to envision the question of 
dwarfing from a more or less quantitative standpoint. It is desired to 
emphasize, however, that qualitative factors are undoubtedly of great 
importance. The anatomical studies on dwarfing stock by Beakbane 
and Thompson (3) and the studies by Rogers (25) on root growth are 
of fundamental importance. These workers have given a reasonable 
explanation for dwarfing, particularly from the standpoint of anatomy 
and an attempt has been made to establish the idea of root 
nomenclature as an aid in description (25), 

Many factors, such as environment, physiological reactions, age, 
and nutritional and edaphic conditions, undoubtedly affect the appear- 
ance of a root system; but the conclusions of others (24y 34) that most 
clones have identifying characteristics indicate that the inherent 
qualities are frequently of decisive importance (f, 2, 6, 12, 33). In 
order to observe these inherent qualities, it is highly desirable to use 
methods in propagation and in culture that will result in an optimal 
expression of growth potentialities in 1- and 2-year-old plants. When 
these conditions obtain, some differentiation of the factors that may 
subsequently affect the root systems (f ) may be more readily afforded. 
Tydeman (32) noted the difficulty in classifying “the adventitious 
systems evolved on” young shoots of stooled seedlings. The present 
experiments suggest the desirability of using 1- and 2-year-old plants 
grown from root cuttings as a basis for determining root characteristics 
of clonal stocks. 

The more immediate practical considerations involved in these in- 
vestigations arc concerned mairdy with the question of malformations 
on apple nursery stock. Iledgcock^s (11) illustrations and comments 
on seedlings exhibiting these symptoms of noninfectious hairy root 
served to warn the writers that this disorder was probably iioninfec- 
tious, and accordingly his recommendations to discard suspected 
seedlings for propagation purposes were followed by the writers in 
experiments on control of crowngall and hairy root. As a result, 
although in the past nonpathogenic hairy root may have been confused 
with pathogenic hairy root (19), this disorder has been practically 
eliminated in all of the writers^ experiments since their inception. In 
the grafting experiments during the last 5 years, however, the writers 
have noted an occasional noninfectious hairy root tree, particularly in 
trees grown from domestic seedlings. The results of the present 
experiments indicate that symptoms may be somewhat masked on a 
small percentage of 1-year-old seedlings. 

In order to eliminate large losses due to culling, seedling growers 
should give consideration to the fact that the number of seedlings 
showing this disorder is much larger in the progeny of maiw of our 
commercial apple varieties than in that of the French crab. The data 
in these experunents, supported by observations on general growth 
habits, however, indicate that seedlings of the Delicious variety are 
suitable to use (35). Relatively early germination and exceptionally 
good stands have been obtained from seed of this variety in several 
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tests. The Delicious variety itself makes exceptionally good root- 
graft unions, and its seedlings are comparatively uniform. 

Although in this discussion emphasis has been placed on the fact 
that certain rather localized characteristics of a root system can be 
changed, it should be equally emphasized that the general character 
of the root system remains constant when conditions favoring vigorous 
growth are made available. The fact that root systems of vege- 
tatively propagated clones possess distinguishing characteristics is well 
recognized. Thus, Mailing types have been differentiated (*5), and 
Lincoln {14) has illustrated root systems that he considers characteristic 
of many of our commercial varieties. The latter^s illustration of 
Northern Spy roots appears to show pronounced symptoms of non- 
infectioiis hairy root. This variety, in common with the Mailing 
dwarfing clones, is rather readily propagated by layering and is 
considered a semidwarling stock (i). 

CONCLUSIONS AND SUMMARY 

Experiments in which apple seeds from known sources were grown 
have confirmed field observations that relatively large j)ercentages of 
1 -year-old seedlings from commercial (domestic) varieties exhibit 
pronounced symptoms of the disorder formerly known as “simple form 
haiiy root.’’ It is proposed to call this disorder “noninfectious hairy 
root” in order to emphasize the fact that no pathogenic organism is 
associated with the condition, wdiich is characterized by an excessive 
number of lateral roots on the main root axis. 

As a result of comparisons of seedlings from various seed sources, 
including French crab, it is evident that relatively large percentages 
of seedlings exhibiting these sj^mptoms of this disorder are found in 
the progeny of many commercial (domestic) varieties. The Delicious 
variety, however, is an exception, in that a comparatively small 
percentage of its seedlings are affected. 

In order to observe the reaction of affected seedlings under different 
conditions of growth and to demonstrate the inherent or genetic 
nature of this disorder, experiments were performed with the use of 
grafts, root cuttings, and 1 -year-old seedlings. Scions from 1-year- 
old seedlings were grafted to the proximal portions of their own roots; 
root cuttings were made from the affected portions of these same seed- 
ings and also from regions that appeared normal. In order to pre- 
serve the identity of the resulting plants, eacdi original seedling was 
numbered and treated as clonal material. 

The conditions of growth were varied mainly in respect to scion 
rooting. The use of scion wood from these “juvenile” plants prac- 
tically insured scion rooting on the grafted plants; by planting the 
I)roximal ends of the root cuttings above ground level, scion rooting 
was precluded. 

An examination made 1 year after planting revealed the following 
conditions: 

(1) On the grafts, scion rooting occurred in all cases, and the symp- 
toms on the original root piece were suppressed, generally in direct 
I)roportion to the amount of scion rooting. 

(2) On the 1-year-old seedlings (layered), stem rooting occurred in 
practically all cases, and the symptoms on the original root pieces 
were suppressed in agreement with the results obtained on the grafts. 

(3) On the plants grown from root cuttings that had exliibited 
symptoms when planted, no stem rooting occurred and the symptoms 
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on the original root piece were intensified. On the plants grown from 
root cuttings from ^‘clean” (symptomless) regions of affected seedlings, 
symptoms were manifested. 

Because it is the common practice for nurserymen to discard all 
trees that exhibit symptoms of noninfectious hairy root, it follows that, 
in order to avoid loss through discarding, no part of affected seedlings 
should he used for tlie usual propagation purjiGses. 

Although it is not assumed that all clones that exhibit symptoms 
will cause dwarfing, it is suggested that selections from clones that 
exhibit the more pronounced symptoms may readily furnish sources 
for dwarfing rootstocks. 
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THE EFFECT OF CONTROLLED CULLING OF CHICKENS 
ON THE EFFICIENCY OF PROGENY TESTS* 


By 1. Michael Lerner, junior poultry husbandrnan, and Lewis W. Taylor, 

head, Division of Poultry Hushandryy California Agricultural Experiment 

Station 2 

INTRODUCTION 

A complete })rograin of ])rogeny testiiig as visualized today involves 
coin})ilation and analysis of extensive records on a representative 
sample of the progeny of the breeding birds under test. There is, 
however, disagreement as to what constitutes a representative sample. 
One point, of view is that all of the daughters of a, given mating 
hatched during the breeding season should be kept without culling 
for tlH». whole of the first laying year. A modification of this view, 
such as practiced under the National Poultry Improvement Plan 
until the 1939 revision, permits i)reselection of daughters during the 
first ()0 days of production. A second i)oint of vie^v, brought into 
practice by many breeders, involves no restrictions with regard to 
(udling. Elimination of unsatisfactory ])roducers under this system 
may be carried on throughout the year. As a consequence, evaluation 
of the breeding worth of matings on the basis of only the superior 
daughters usually results. On the other hand, the advantages of 
this plan rest in the conduct of breeding work at a redu(‘ed cost, due 
to the saving effected in not having to maintain unprofitable layers 
and to the possibility of disposal of culls, which would die previous to 
the end of the year, before their value as market poultry is entirely 
destroyed. 

Recently, Bird and Sinclair^ examined the results from progeny 
testing with controlled culling, i. e., culling at a constant level for all 
matings on the basis of egg production records. They suggested that 
paper culling — disregarding the birds with the lowest annual records 
in evaluating the results of a mating — may lead to greater accuracy 
than if the entire flock is used. Furthermore, actual controlled cull- 
ing throughout the year was suggested as an economy measure. 

Bird and Sinclair comi)ared the production means of survivors of 
three i)opulations described as A, B, and C which were paper-culled 
at the end of the year. They present difTcrcnces between B and C at 
three levels of culling and between populations A and B at two levels. 
No data are given on results of controlled culling throughout the 
year. Since only survivors were considered, their data do not indicate 
how many of the bitds which would have been eliminated at any of 
the periodic cullings under this plan died before the end of the year. 

Since the questions raised by Bird and Sinclair are of great impor- 
tance, it was considered desirable to examine the possibilities of culling 
practice with respect to progeny testing. Some caution must be 
exercised in interpreting results such as these, which are based on 

> Received for publication 0(ftober 24, 1939. 
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production records. The number of eggs laid by a hen is the pheno- 
typic expression of the action and interaction of many independently 
transmitted genes, and an analysis of breeding results on the basis 
of egg production alone leads to a confounding of these component 
factors. Hence any results obtained by the study of egg records 
alone arc bound to be of limited value. 

Furthermore, culling large proportions of a flock may eliminate 
profitable as well as unprofitable producers. However, tlie production 
necessary for a bird to be profitable depends on cost of feedstuffs aiul 
price of eggs as well as on the number of eggs laid. No fixed culling 
perc(Mitage can be expected to retain only the profitable birds under 
varying flock conditions. In this paper several levels of cidling are 
investigated witli respect to their effects on evaluation of the progeny 
test. 

MATERIAL AND METHODS 

A poi)ulation of pullets was selected for this study from the Uni- 
versity of California flock of Single-Comb White Legborns. The only 
standard of selection used was that at least 50 daughters from each 
sire were to be available. In this manner 12 sire families were ob- 
tained in which the number of daughters varied from 52 to 09. The 
pullets were hatched in 5 weekly hatches in March and April, all 
l)ullets alive at 5 months of age being leg-banded and included in this 
analysis. Diflerences betweeji tlie dams mated to the different sires 
were not considered. This, of course, means that the progeny test 
as used here applies not to the evaluation of the breeding worth of the 
12 sires used, but to that of the mating as a whole, including both the 
sire and the respective dams mated to each. 

Table 1 presents the production and mortality charac.teristics of the 
progeny of the 12 sires studied. It may be seen that the 840 pullets 
involved averaged 151 .7 eggs. If the 30.4 percent of the pullets which 
died are not considered in this computation the aveJiige production 
rises to 199.2 eggs. 


TABiiE 1. — Production and niortaliiy of the 'progeny of the different sires studied 


Sire? 

l)aught,(!rs 

Mortality 
of daughters 

Production 

inde.v 

(eggs) 

Production 
of survi* 
vors (eggs) 


Number 

Percent. 

Number 

Number 

014 ... . ..... . . . 

H7 

25.3 

178.2 

213. 8 

03(5 . 

79 

55. 7 

93.1 

152.3 

052 .. . 

62 

27.4 

190.3 

225.4 

H8 .... 

tn 

36.1 

158.0 

203. 1 

H33 - ... 

52 

21.2 

162.8 

191. 2 

1142 .... . 

5(5 

60.7 

114.0 

193.2 

H43 - 

60 

38.3 

135.4 

179.8 

1146 .. 

68 

60.3 

111.4 

189. 5 

n62. .... ...... 

m 

30.3 

177.7 

226.9 

H79_.,- ., ..... . 

99 

24.2 

168.7 

192.9 

H90.... .. . . 

95 

2tJ. 3 

165. 6 

196.8 

H9I. 

61 

41.0 

153. 6 

203. 7 

Total .. . 

846 

36. 4 

151 7 

199.2 


The flock was kept intact for the whole year of laying. No culling 
was actually done, and all of the analyses were carried out after the 
completion of the year. In this manner it was possible to apply 
different systems of culling to one and the same population. 



Juue 1, 1940 


757 


Effect of Culling Efficiency oj Progeny Tests 


The different systems of culling investigated are listed in table 2. 
System A presupposes no culling whatsoever and the use of the pro- 
duction index (Taylor and Lerner)^ obtained by dividing the total 
number of eggs produced from the first egg to September 30 of the 
year following the year of hatch by the original number of pullets. 
Instead of this index the other systems take into consideration only 
the production of birds which survived to October 1 of their second 
year of life. System B again involves no culling, while systems C, D, 
E, F, and (i designate respectively the culling of the 12, 18, 24, 30, 
and 30 percent of each sire family which are lowest in egg production 
The subscripts indicate the frequency of culling during the year, 
'^riius the subscript 1 denotes paper cidling on October 1, at the end of 
the laying year iindei* consideration. Subscripts 3, 4, and 0 indicate 
the given number of cullings throughout the year. As shown in table 
2, on the first of each of the particular months designatc^d, the lowest 
2, 3, 4, 4.5, 0, and 8 percent (depending on the total level of culling in 
each system) of the original number of pullets in each sire family were 
considered as having becui culled. Only birds alive on each particular 
date wer(^ thus treated, tlie culling being in addition to mortality. 
All of the culling was based on the production up to the particular date 
on whi(*h the culling was ])resumed to have taken place. 


Tahijo 2.‘ — Description of culling sy skins 



■■ 

. 

System 

.I‘roi)ortioii 

('ulliiig im)C(*(luri* 


Percent 


A 

t) 

All birds banded considriod... 

B 

0 

Only survivors considered-. .. . .... 


12 

J’aper-culled in October . . .. .. . . 

J). 

K,. 

18 

24 

do 

... do .... . 

F, 

3(1 

. ...do - 

(Ji - 

3(1 

. -. do . . ... .... 

C3-. 

12 

3 cullings of 4 jHjrccut each (February, Juue, October). . . 

1)3-- 

IS 

3 cullings of 6 iKirw.nt each (February, June, October) . 

Ks... 

24 

3 cullings of S ijcrccnt each (Fcbniary, June, October) 


12 

4 cullings of 3 percent each (January, April, July, October) 

1>4 

IS 

4 cullingvS of 4.5 percent each (January, April, July, October) 



24 

4 cullings of (1 percent each (January, April, July, October) . 

Cg - 

J2 

6 cullings of 2 ijcrcent each (December, February, April, June, Au- 



gust, October). 

ih 

JS 

6 cullings of 3 iwrccnt each (December, February, April, Juue, Au- 



gust, October). 

Eg---. - 

21 

() cullings of 4 iM^rceut each (DccciuIkt, February, April, June, Au- 



gust, October). 


— -- 

- .. .. ..X - . ... ........ 


Itirds ro- 
inaininK 
al ter final 
culling 


Ninnher 

M\) 

MS 

439 

3S(i 

m 

2S3 

m 

475 

4:is 

402 

4S2 

401 

412 

4St) 

401 


432 


]t should be clearly understood that each sire family was culled 
independently of any other family, so that tlie level of (‘idling in a 
given system was the same for each sire family. Systems Fi and Oi 
were not complemented with systems of continual culling at the same 
total level, because, in the case of some families at least, such heavy 
culling plus the mortality that occurred would have reduced the 
families to the vanishing point. The total number of daughters in- 
volved under each system is also given in table 2. It may be noticed 
that some discrepancies in number of birds appear between systems 
in which the total amount of culling was the same. The reason for 
this, of course, lies in the fact that some of the birds culled on the 


* Taylor, Lewis W., and Lerner, 1. Michael, breeding for eir; production. Calif. Agr. Expt. 
Sta. Bui. 626, 48 pp., Ulus. 1938. 
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basis of their low production early in the year died before they were 
eligible for culling under another system. 

The analyses of the above systems were designed to test whether 
culling fulfills either of its two possible purposes in breeding flocks: 
(1) To increase the precision of progeny testing by increasing the 
significance of differences between means of sire families while pre- 
serving the relative order of ranking, and (2) to effect managemental 
economies. 

The fulfillment of the first of these purposes may be examined by 
comparing the variability between and within sire families under the 
different culling systems. The ratio of the variance between to that 
within sire families provides a convenient criterion. It is, however, 
necessary to supplement this measure with a check on the rank order 
of these sire families. The fulfillment of the second purpose may be 
examined by the actual comparison of hen-months involved under 
each system, together with the consideration of the salvage value of 
(he culls, which would have died before the expiration of the year. 

The analyses made follow this outline. The only difficulty in in- 
terpreting the results lies in the necessity of assuming a normal dis- 
tribution in each of the sire families, without which a precise study 
of the variance is not possible. While normal distributions in general 
iiiv not the rule, this assumption may be justified to a certain extent 
by the following considerations. Whetlier or not culling is practiced, 
the determination of the superiority or inferiority of any given mating 
has to be made by a comparison of the mean production of this ma ting 
with other matings. Truncation (elimination of a part of the curve) 
and reconstruction of a normal curve from the truncated distribution 
will obviously yield a value different from the observed mean pro- 
duction. Assumption, of normality introduces a decided error in var- 
iance analysis but does not lend greater bias to any mating over any 
other than does the truncation. It is, perhaps, possible to normalize 
the frequency curves by the choice of suitable coordinates, but in 
any case these coordinates may be variable from mating to mating. 
Furthermore, the labor involved and the statistical training necessary 
for this would preclude any possibility of using such methods in prac- 
tical breeding work. 

RESULTS 

PRECISION OF PROGENY TESTS 

The mean production of the flock, the variances between and within 
sire families, and the ratio of these variances for each of the (Hilling 
systems investigated are shown in table 3. It may be seen that sys- 
tem A exhibits the largest variance both between and within sire 
families, the ratio of the mean squares also being the largest. Under 
this system, it will be recalled, mortality and production are evaluated 
together, so that the net efficiency of the different matings is compared. 
When production of survivors only is considered, as in all of the other 
systems, both the variance between and the variance within sire 
families sliow a precipitous drop. However, when paper culling only 
is considered (systems with subscripts of 1), the former drops to a 
greater extent than the latter. This is shown by the reduction in 
the ratio of mean squares as compared to the ratio observed under 
system A. S<> far as comparison with system B (no culling) is con- 
cerned, there is little difference in the ratio of mean squares in the 
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single culling systems, except for Fi and Gi which show a considerably 
higher variance ratio. They are still greatly below the ratio obtained 
with system A. More frequent culling increases this ratio over that 
obtained with system B, but in no case is it as high as the ratio of 
11.56 of system A. 


Table Statistical constants of different culling systems 


(1) 

System 

(2) 

Mean 

production 

(3) 

Mean 

square 

between 

sires 

(4) 

Mean 

sfjuare. 

within 

sires 

(fi) 

Ratio of 
mean 
squares 
(column 3: 
column 4) 

(6) 

Number of 
significant 
differences 
betweem 
sires 

A 

151.7 

79, .571 

0,883 

11.56 

32 

B 

199.2 

If), 500 

3. 280 

5.02 

24 

Cl ... - 

221.2 

8,008 

1,.579 

5. 49 

32 

D, 

228.8 

8. 829 

1, 624 

fi. 44 

27 

Ki 

235. 8 

7,311 

1,810 

4. 04 

20 

Fi - - 

2.39. 5 

5. 089 

647 

8. 79 

28 

o, 

245. 0 

4, 095 

591 

7,94 

20 


212.9 

13, 442 

1, 743 

7.71 

34 

1)3 - - - 

218. 7 

12, 109 

1,392 

8. 74 

34 

En .. -- ... . 

224.2 

9, 067 

1. 131 

8. 55 

33 

Ci.- - . 

210. 5 

10. 388 

1,979 

8.28 

32 

1)4 

215.5 

15, .575 

1,058 

9.39 

35 

Ei 

222. 1 

11,144 

1,254 

8. 89 

35 

c« 

200. fi 

17, 778 

2, 502 

7. 11 

28 

Do 

211.0 

20, 131 

2. 072 

9. 72 

.30 

Efi . - 

215.9 

18,322 

1,737 

10 . 55 

37 


Perhaps a more pertinent manner of comparison is to calculate the 
number of significant differences between the various sire families in 
each system, the determination of such signi6c‘ance to be made on the 
basis of the standard deviations and number of degrees of freedom 
available froin each mating. With 12 sire families, if every family is 
significantly different from every otlicr, (>6 significant dffcrences would 
be present. The last column of table 3 shows the number of such 
dfferences found, based on the actual degrees of freedom available 
in each mating under each system. Tliey range from 20 for system 
El to 37 for Ee. It is apparent that single culling on the whole shows 
the lowest number of significant differences, wliile more frequent 
cullings, on the other hand, tend to show a greater number of such 
differences. 


Table 4. — Comparative amounts of useful differentiation available in each culling 

system 


System 

Significant 
diffcrcnce.s 
as percent 
of total 
possible 
differences 

Differentiation when 
quartiles are based on all birds 

Differentiation when 
quartiles are based on survivors 

High 

quartile 

Low 

quartile 

High 

+low 

High 

quartile 

Low 

(piartilo 

High 

4-low 


Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

A 

48.5 

42.4 

75.8 

59. 1 

42.4 

69.7 

56.1 

B._- 

36.4 

4,5.5 

.54. 5 

.50. 0 

45.5 

67.0 

51. 6 

Cl 

48.5 

54.5 

42.4 

48.5 

f)4. 5 

,54. 5 

.54.5 

Di 

40,9 

45.5 

27.3 

36.4 

45.5 

45.5 

45.5 

El 

.30.3 

42.4 

12,1 

27.3 

42.4 

30.4 

,39.4 

Fi... 

42.4 

60.6 

1.5.2 

,37.9 

60.6 

33. 3 

47.0 

Gi- 

39.4 

57.6 

12.1 

34.9 

67.6 

30.3 

44.0 

C3 

51.5 

57.6 

51. 5 

54.6 

57.6 

57.6 

57.6 

D3.. 

51.5 

63.6 

,51. 5 

57.6 

6,3.6 

57.6 

60.6 

Es 

50.0 

60.6 

42.4 

51.5 

60.6 

48.5 

54.6 

C4-.- - 

48.5 

57.6 

48.5 

53. 1 

57.6 

60.6 

69. 1 

D« „ 

53.0 

60.6 

,54.5- 

.57.6 

60.6 

66. 7 

63.7 

E4 

53.0 

63.6 

51.5 

,57.6 

63.6 

60.6 

62.1 

C6 

42.4 

.54.5 

45. 6 

,50.0 

.54.5 

57.6 

.56.1 

D« 

64.5 

72.7 

57.6 

65.2 

72.7 

63.6 

68.2 

Ee : 

.56.1 

63.6 

67.6 

60.6 

63.6 

69.7 

66.7 
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The nature of the differences observed is analyzed in table 4. 
The second column shows the numbers listed in the last column of 
table 3 as percent of the total possible differences (66). These jier- 
centages can be broken down by consideration of the section of the 
distribution of tlie means of sire families in which the significant 
differences occur. The jiarticular utility of differentiation between 
sire families lies in the uiiper limits of the distribution (selection of 
superior matings) and in the lower limits (elimination of inferior 
matings), rather than in the inidportion of the distribution. Hence, 
the differentiation of the upper and lower quartiles from the other 
families may be designated as usefid diff'erentiation. 

Wliile the different systems may be compared among themselves, 
it is desirable to designate the quartile order of sire families in one 
system as a standard in order to be able to pass judgment with regard 
to such differentiation. System A, based on the production index, 
measures the acdual efficiency of production, taking both egg produc- 
tion and mortality into consideration. Hence it was used as a, base. 
For purposes of distinguishing the factors determining egg production 
from those affecting mortality, system B, involving only survivors, 
was chosen as another base. 

The percentages of total possible useful differentiation were thus 
calculated for each of the systems on two bases, that of ranking with 
rt^gard to the ])ro(luction index (all birds) and to tlie production of 
survivors. These percentages are shown in table 4. Once more 
multiple cullings show an increase in percentage of differentiation 
over that observed in single cullings. However, the differen(*es be- 
tween the culled and unculled groups are found to be largely in the 
dift*erentiation of the upper quartile of sire families. In the lower 
quartile, system A shows a considerably higher percentage* of differen- 
tiation. In other words, culling as here investigated makes it easier 
to select out the better matings, but makes it harder to distinguish 
the inferior matings. 

The next step involves the questum of preservation of the rank 
order of the different sire families in each of the culling systems. As 
in table 4, systems A and B served as the two bases. Table 5 presents 


Table r^,— Coefficients of rank-order correlation between sire families in each system 


Systt'in 

Corrolatod with 
systjjm A 

Corndaled with 
systt'in B 

Systorn 

Correlatod with 
sy.st(5m A 

Correlated with 
sy.stom B 


p 


P 

P^ 


p 

P* 

p 

P* 

B - 

0.779 

0. 01 

1.000 

1.00 

E;. . . 

.476 

.23 

.782 

.61 

r,. 

.53K 

.29 

,860 

,74 

Cl 

. ,573 

. 33 

.84.5 

.71 

T),.... --- 

.441 

. 19 

.762 

..58 

J)4 - - 

. .5.52 

. 30 

.831 

1 . 69 

E, . .. . 

.378 

.14 

. 734 1 

..54 

E, 

.476 

.23 

. 77.5 

.60 

F, 

.291 

.08 

1 .6.50 

.42 

r« 

.577 

.33 

.870 

.76 

0 1 - . - - 

.238 

.06 

. 622 

.39 

Dfi 

i .6.50 

.42 

.851 

.72 

cl.... 

.497 

.2.!) 

.796 

.m 

Kfi 

.497 

.2.5 

.796 

.m 

Ih ... ..... 

.448 

.20 

.747 

..50 


1 





coefficients of rank-order correlation of sire families between each of 
the systems and the two bases, namely, all birds (A) and survivors 
(B). It will be seen that the correlation coefficients tend to drop with 
increased culling. Less than 45-percent determination (p^) is avail- 
able, when comparison of the systems involving culling is made with 
system A, system Gi falling as low as 6 percent, while system B shows 
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over 60-percent determination. The coefficients for the culled groups 
are considerably higher when comparison with system B is made. 

It may thus be seen tliat a higli ratio between mean squares, such 
as observed in system Ea (table 3) is not in itself a guarantee of in- 
creffsecl precision of differentiation between sires, since in this particu- 
lar instance the rank order of sire famili(^s bears only little relation to 
that in the unculled population (table 5). (conversely, a low ratio, 
such as is found in system B may still be associated with a high coeUi- 
cient of rank-order correlation. 

ECHINOMIES DUE TO OULLINO 

The systems that involve culling at the end of the year do not effect 
any economies. (_)n the other hand, systems of culling three, four, 
and six times a year ])roduce twofold economies: (1) The salvage 
meat value of the culled birds, which otherwdse would liave died in tlie 
(‘ourse of the year, and (2) the saviiig on feeding of the culled birds. 
Table 6 presents estimates of su(‘h economies for this flock. It may 


q'Aiii.K (). Vxonovty effected nndrr each 

syatein of cidlinq 



XtimfMT 

Culls snlvjvp('<l as 
proportion of - 

SuviuK on feeding 

System 

of 

birds 

All <U>a(l 
birds of 
system A 

All culls 
of (*.HCh 
system 

Hen- 

month.s 

Percent 
of all hen- 
months 

. 

3.', 

Percent 

ll.Hfi 

Percent. 

35. 35 

.Va ) fiber 
390 

Percent 

3. 55 

\h 

')! 

It). 7)9 

33. 55 

497 

4. 90 

. 

<17 

21.75 

33. 00 

928 

9. 19 

r,i. 

4;{ 

i:t. m 

43. 44 

407 

4. 01 

D.1 

m 

21.43 

13. 42 

009 

(5. 00 

E^... 

79 

1 24. 98 

37. 44 

7551 

7. 48 


47 i 

i J.5.29 

47.47 

995 

9. 85 

Do 

i 1 

24. 98 

50. 00 

937 

9. 23 

Ke - 

97 

1 1 

31.49 j 

47. 78 

1, 118 

11.01 


be seen that under the 12-percent culling system, 11 to 15 percent of 
the birds dying annually in the unculled Hock can be converted into 
market hens. Under the 18-})ercent culling system, these figures rise 
to 16 to 25 percent; and wdth 24-perccnt culling, from 21 to 31 percent 
of the birds which would die before the end of the first year of produc- 
tion can be sold for meat. Tliis represents from 33 to 50 percent of 
all of the culled birds, according to the amount and frequency of 
culling. 

The saving in feenl and other expenses coincident with the keeping 
of the unprofitable producers for the whole year varies from 3 to 11 
percent of the total lien-rnonths, again according to the amount and 
frequency of culling. 


PRECISION OF LIVABILITY TESTS 

Table 7 presents the correlation coefficients of mortality rank order 
under the various culling systems. Again, paper culling at the end 
of the year does not affect these ranks. It may be seen that the cor- 
relations obtained between the nonculled and culled sire families are 
all above 0.92, when total mortality is considered, and above 0.93 for 
mortality of neoplastic origin. This suggests that selection against 
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high mortality can be carried on with practically the same degree of 
eraciency under the systems of culling investigated here as on a non- 
culled population. 


DISCUSSION AND CONCLUSIONS 

The work of Bird and Sinclair ® seems to be the only investigation 
to date concerning the effect of culling on the progeny test. As 
already mentioned, these workers examined the records of survivors 
of three populations of pullets of unspecified origin. The data pre- 
sented here differ from their material both in scope and in the methods 
of analysis. Here, comparisons are made of 12 populations of pullets 
originating from 12 different sires. Mortality was taken into account 
both in relation to the precision of the progeny test and in relation to 
managemental economies. The birds whose records were studied 
were hatched in a period of 4 weeks and carried through the first lay- 
ing year in a manner closely approaching that used in practical breed- 
ing work. The application of the statistical methods employed has 
been discussed previously in the presentation of results. 


Tahle 7.— Coejjlcienia of rank-order correlation with renpecl to rnorfnlifu ondr.r 

different culling sys^tetm 


Sysft’ni 

Corrolation with actuiil 
mortality 

System 

(’(jrrelation with nctoal 

1 mortality 

1 

^'otal 

Neoplastic 

3'otal 

Neoplastic 


0. 058 
. 923 
. 923 
. 951 
, %5 

0. WV) 

. 905 
.905 
.972 
. 905 

K. 

Cf. . 

Da . . - 

Efl .... 

0. 972 

1 . 972 

1 . '.*72 

. 905 

i 

1). 90.5 
. 979 
. 972 
. 937 


Tables 4 and 5 may be considered to summarize the findings with 
regard to the coinparative efficiency of segregation of superior and 
inferior sire families under systems with and without culling. It is 
apparent that the total percentage of useful differentiation based on 
all birds is not increased in the single culling systems over that of 
systenf A. Furthermore, the coefficients of rank-order correlation 
are of comparatively low magnitude both for single and multiple 
culling systems. Systems of culling tlu’oughout the year yield much 
higher percentages of useful determination in the ui)per quartilc of 
the distribution of egg production means, but fall below that of system 
A in the lower quartile. At best they equal system B. Only systems 
Do and Eg exceed the total percentage of useful determination obtained 
under system A. However, even with these it may be seen from 
table 3 that the ratio of mean squares between to that within families 
is still the highest under system A. So far as the coefficients of 
rank-order correlation with respect to mortality are concerned, very 
high values are obtained in aU of the systems considered. 

The economies as observed in the flock exceed 10 percent of feeding 
costs only in one case (that of system Eq), while up to approximately 
30 percent of the birds dying annually can be salvaged for market- 
meat pidhposes under systems of culling throughout the year. 


» See footnote 3. 
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In drawing conclusions from the data here presented, a possible 
adverse effect of culling practices on the measurement of individual 
inherited characters, which are components of the annual egg record, 
has not been considered. Before any degree of culling of breeding 
flocks may be advocated without qualification, this possibility should 
be eliminated. 

The ultimate answers to the questions raised in this paper may be 
found only in actual breeding tests of birds selected under the different 
systems. However, from the data here presented it may be concluded 
that, when annual egg production and livability are the gross desid- 
erata considered: 

(1) Paper culling at the end of the year is of questionable value. 

(2) No system of culling investigated in this paper gives greater 
difl‘crentiation between matings than the system used in the cahuila- 
tion of the production index, which involves both production and 
mortality characters. 

(3) Controlled culling throughout the year at levels of 12 to 24 
l)ercent enhances the possibilities of selecting the sire families adjudged 
superior by the production index, at the same time decreasing pre- 
cision in the elimination of inferior families. 

(4) Such systems of (uilling do not afl'cet to any great extent the 
accuracy of determination of the rank order of sire families with 
respect to first-laying-ycar mortality. 

(f)) Economies effected by culling in the flock include 3 to 11 per- 
cent of the feeding cost and the conversion into market meat of 1 1 to 
31 percent of the birds which would die during the first laying year. 


243872 — 40 —^ 




ACTION OF SOME ORGANIC COMPOUNDS ON YIELD, 
SPORULATION, AND STARCH FORMATION OF ASPER- 
GILLUS NIGER ’ 


By Kobert a. Steinberg 

Associate physiologist y Division of Tobacco and Plant Nutrition, Ihirmu of Plant 
Industry^ United States Department of Agriculture 

INTRODUCTION 

Studios dealing with the action of oi^aiiic compounds on the metab- 
olism of organisms have assumed considerable importance, and much 
activity now exists in the fields concerned with vitamins, hormones, 
therapeutic compounds, insecticides, fungicides, and compounds 
capable of inducing carcinomas. Relatively few such investigations, 
how(ivcr, have concerned themselves with Afipergillus niger Van Tiegh., 
though it is oiK'. of th(> two fungi whose nutrition is best understood. 

Tlu'. compounds selected for study were tluTefore chosen for differ- 
ent reasons. The effects of the 37 biological stains are of interest be- 
cause of their us(^ as ^SdtaJ” stains, their toxicity, and their propcirty 
of fluor('scenc(^ for which claims have appearcHl in tlu^ literature (7).^ 
The 85 phenanthrene derivatives were included for somewhat similar 
reasons and particularly because of their similarity in chemical struc- 
ture to morphine and certain animal honnones. Miscellaneous com- 
pounds, to the number of 21, included alkaloids, pharmaceutical 
preparations, cancer-producing derivatives, and a few dyes of compli- 
cated structure. The effects of these 143 compounds have been ob- 
server! on yield, sporulation, formation of starch, and ability to pro- 
duce mutants. The genetical studies, howeve^r, have been reported 
elsewh(»re (10). 

The data throw additional light on the subject of ^Vhemical stimu- 
lation^^ of plants (9) and the antagonistic relation claimed to exist be- 
tween growth and reproduction. Observations dealing with the effects 
of low sucrose, low nitrogen, or low trace elements on the action of 
the substances studied should also prove of interest in this connection . 

Little is known concerning the conditions requisite for the formation 
of starch from sugar by fungi. Lappaleinen (5) considered starch a 
normal constituent formed under good nutritional conditions. Ac- 
cording to Boas (f ), however, starch is a pathological product resulting 
from the destruction of diastase under the influence of high acidity. 
The presence of ammonium salts was considered to favor the formation 
of starch because of its physiological acidity. Starch was found by 
Boas to be formed from sugars, higher alcohols, and organic acids. 
Schmidt (6) found that nitrates inhibit starch formation. In the 
opinion of Chrzaszcz and Tiukow (2), the elaboration of starch by 
fungi is characteristic of low-acid producers. Forty-five species were 
studied. 

I Received for publication April 1. 1940. 

* Italic numbers in parentheses refer to Literature Cited, p. 773. 
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EXPERIMENTAL METHODS 

Cultures of Aspergillus niger (No. 424 7 W in the collection of Dr. 
Charles Thom, of the Bureau of Plant Industry) were grown for 4 days 
at 35® C. in 200-cc. pyrex Erlenmeyer flasks containing 50 cc. of 
nutrient solution. The composition per liter of the basic nutrient 
solution was as follows: Sucrose, 50 gm.; ammonium nitrate, 2.00 
gm.; dipotassium phosphate, 0.35 gm.; and magnesium sulfate 
( 7 H 2 O), 0.25 gm.; iron, zinc, copper, manganese, and molybdenum, 
0.30, 0.20, 0.05, 0.03, and 0.02 mg. per liter, respectively. Each 
constituent in this solution was adjusted for maximum yield. Re- 
agent cheniicals were used in preparing the solution. The water was 
redistilled in a pyrex glass still. The sucrose had an ash content of 
about 0.002 percent. Flasks were sterilized in the steamer for 20 
minutes, and inoculation was effected with a spore suspension. 

The cultures were filtered, when harvested, with fritted glass cru- 
cibles of No. 3 porosity. To indicate the presence of starch, a drop of 
iodine (N/20) was placed on the reverse of the mycelial felts before 
they were washed on tho filter. It was necessary to wait an hour or 
more before deciding on the presence or absence of starch. Exam- 
ination at a 10 X magnification was usually advisable. The crucibles 
containing the mycelial felts were then placed in a current of warm 
air (45® C.) for 3 to 4 hours, and finally in the oven at 103® overnight. 
Filtrates from the rnycelial felts were also tested for the presence of 
starch. The quantities of iodine necessary per culture varied consider- 
ably under different conditions. No record was made of these vari- 
ations despite the possibility that ascorbic acid might be concerned 
therein. 

The organic compounds ^ employed in these experiments were each 
examined under a 5-ampcrc, black-bulb, mercury-vapor lamp to de- 
termine whether they exhibited fluorescence. 

EXPERIMENTAL RESULTS 

EFFECTS OF BIOLOGICAL STAINS 

In table 1 are summarized the results obtained with a number of 
biological stains when present in the cultures in a concentration of 10 
parts per million. The first series was with low sucrose. In no case 
did addition lead to an increase in growth above that of the control 
greater than 4.6 percent. The imnimum significant variation is con- 
sidered to be 5 percent. Sporulation generally paralleled growth, but 
not invariably. Alizarine red S gave a yield of 71.4 percent of 
maximum, whereas sporulation was depressed to about 12 percent of 
maximum. Rhodamine B gave identical results on yield and sporula- 
tion. The difference in fluorescence between these compounds 
appeared to be without effect. No general relation, moreover, 
appears to exist between toxicity, fluorescence, sporulation, or starch 
formation. 

A 50-percent decrease in ammonium nitrate was accompanied in 
many instances bv a diminution in toxicity of these dyes, both with 
respect to growth and reproduction. The maximum increase in 

derivatives were obtained through the courtesy of Dr. Erich Mosettig, of the U. 8 
Public He^th Service; Federal Security Agency; and the acridine, indanthrone, and indigo derivatives 
^ table 2), from Dr. W. H. Tisdale, of the Pest Control Research Section. E. I. du Pont de Nemours & 
Co., Inc. 
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yield above that of the control was 4 percent. Sporulation usually 
diminished with decrease in growth, as did also starch. Eosin, 
erythrosin, and Martins yellow gave cultures with enhanced starch 
content. Partial nitrogen deficiency in this series had an adverse 
effect on starch formation. 

Table 1. — Effect of some biological stains on growthf sporulation^ and starch forma- 
tion by Aspergillus niger at 36° C. for 4 days in a dibasic optimum solution i 


I>ow sucrose (80 per- 
cent of optimum) 


Low nitrogen (50 per- Low trace elements (60 
cent of optimum) percent of optimum) 


Compound * (10 mg. per 
liter) 


Control 

•Acridine orange 

•Acrid ine rod . 

•Acridine yellow 

♦Acrid flavine (neutral) 

Alizarine blue (Ehrlich) 

Alizarine red S 

Aniline Blue 

Auraraine 0 

Brilliant alizarine 

Brilliant indigo 

Chrysoidine 

•Eosin. Wgolb--. 

• Erythrosin bjuish 

Ethyl red.- 

•Fluorescein 

Fuchsine S 

•Indigo carmine 

Malachite green (crystalline).. 

Martlus yellow 

•Meldola blue 

•Methyl violet 

Methylene blue 

Methylene violet 

Naphthol green 

Nile blue sulfate 

Orange G 

Phosphine 

•Proflavine 

Quinoline yellow 

•Rhodamlne B 

Rhoduline GO 

Rose Bengal 

Safranino Ow 

Tartrazlne 

Thionine-- 

Trypan blue 

Trypan red 




Starch 
in s— 



Starch 
in 3— 



Starch 

in 5^ 

2 

s 

Sporulation 

Mycelium 

a 

o 

B 

'o 

CO 

Yield 3 

Sporulation 

Mycelium 

Solution 

2 

% 

Ih 

Sporulation 

Mycelium 

Solution 

Percent 

100.0 

8, bl 

3 

0 

Percent 

100.0 

10, bl 

3 

0 

Percent 

100.0 

4, bl 

6 

5 

34.5 

0 

5 

5 

47.3 

0 

0 

0 

55.3 

0 

6 

5 

93. 8 

3, bl 

3 

0 

87.0 

2. bl 

2 

0 

56. 8 

0 

5 

5 

40.6 

0 

5 

5 

69. 1 

4, bl 

0 

0 

67.7 

2,bl 

6 

5 

97.0 

8,bl 

3 

0 

97.1 

10, bl 

0 

0 

98.3 

2, bl 

6 

5 

56.7 

2,bl 

6 

5 

93.1 

2,y 

2 

2 

56.5 

2,bl 

6 

5 

71.4 

l,bl 

2 

0 

93. 5 

4, bl 

1 

0 

73.7 

0 

5 

5 

102.2 

8, bl 

0 

0 

97.2 

10, bl 

3 

0 

111.4 

2,bl 

5 

5 

100.4 

8, bl 

1 

0 

J00.5 

10, bl 

2 

0 

104.4 

4, bl 

6 

5 

103.2 

8,*Wj 

0 

0 

98.7 

10, bl 

3 

0 

119.4 

4, bl 

6 

5 

91.7 

4,bl 

5 

0 

91.2 

8, bl 

2 

0 

99.6 

4,bl 

5 

5 

09.1 

4,bl 

3 

0 

98.0 

10, bl 

2 

0 

94.3 

2.bl 

6 

5 

101. 1 

2, bl 

5 

0 

104.0 

8,bL 

6 

0 

112.9 

0 

5 

f«) 

104.6 

8,bl 

5 

0 

94.6 

10, bl 

5 

0 

114.2 

2, bl 

6 

(•) 

100.5 

8, bl 

? 

0 

J00.3 

10, bl 

3 

0 

120.3 

4, bl 

6 

5 

99.7 

8,bl 

? 

0 

98.7 

10, bl 

2 

9 

106.6 

3, bl 

6 

5 

98.8 j 

6, bl 

5 

0 

97.9 

10, bl 

3 

0 

116.6 

3,bl 

6 

5 

102. 1 

6,bl 

6 

0 

93. 0 

8, bl 

1 

0 

100. 0 

2, bl 

5 

5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

86.5 

2, bl 

3 

0 

64.7 

2, bl 

5 

C 

84.8 

0 

3 

(«) 

67.3 

Lbl 

5 

5 

82.7 

4,bl 

2 

2 

62.0 

0 

6 

5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

57.1 

l,bl 

6 

5 

78.8 

J,bl 

1 

0 

70.3 

l,bl 

6 

5 

86. 4 

6, bl 

5 

0 

90.4 

8, bl 

3 

0 

83.4 

3,bl 

6 

5 

96.2 

4,bl 

0 

0 

92.7 

8, bl 

2 

0 

12i.2 

2,bl 

6 

5 

0 

0 

0 

0 

0 

0 

1 ® 

0 

0 

0 

0 

0 

99.8 

4, bl 

? 

0 

97.8 

10, bl 

3 

0 

1,54. 4 

2, bl 

5 

5 

102.1 

4, bl 

5 

0 

103.3 

' 8,bl 

2 

0 

131. 0 

2,bl 

6 

2 

97.9 

8, bl 

3 

9 

100.0 

10, bl 

2 

0 

100.4 

2,bl 

6 

5 

104.6 

8, bl 

? 

0 

101.3 

10, bl 

3 

0 

134.2 

3, bl 

6 

5 

71.4 

l,hl 

6 

? 

85.6 

2,bl 

1 

0 

84.0 

2, bl 

B 

5 

48.1 

l,bl 

5 

? 

84.6 

6. bl 

1 

0 

49.1 

0 

5 

5 

93.0 

4, bl 

5 

0 

92.1 

6,bl 

3 

0 

113.5 

2, bl 

5 

3 

8,5.9 

4, bl 

5 

0 

99.3 

8, bl 

3 

0 

76.2 

3,bl 

5 

5 

1Q2.2 

8,bl 

0 

0 

98.6 

10, bl 

3 

0 

141.5 

2,bl 

6 

5 

100.8 

8,bl 

2 

0 

101.8 

10, bl 

2 

0 

148.0 

2,bl 

3 

(®) 

.102. 1 

8, bl 

2 

0 

97.0 

10, bl 

3 

0 

104.8 

4,bl 

5 

5 

95.7 

6,bl 

3 

0 

82.4 

6,bl 

0 

0 

63.0 

3,bl 

B 

5 


* Nutrient solution: Water, 1,000 cc.; sucrose, 50 gm.; NH4NO8, 2.06 gm.; K2HPO4, 0.36 gm.; MgSOi. 
7HaO, 0.26 gm.; and Fe, Zn, (Ju, Mn, and Mo, 0.20, 0.20, 0.05,0.03, and 0.02 mg. per liter, respectively. 

* An asterisk • before the name of a compound denotes that it was found to fluoresce in ultraviolet light. 

« Yield of control culture taken as 100 percent. , ^ , ........ 

* Sporulation is indicated on a scale of 0 (pteriie) to 10 (black with spores), and spore color by the initial 

letters of the words black, brown, and yellow. ^ , 

» Starch is indicated on a scale of 0 (none) to 6 (abundant). Tests giving an immediate blue color are 
indicated by italics. 

* Erythrodextrin indicated by rod color. 


The results obtained with an insufficient quantity of trace elements 
for maximum yield gave perhaps the most interesting results. Many 
instances of yields greater than that of the control were obtained, 
ranging up to an increase in maximum yield of 54.4 percent with 
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orange G. Examples are also to be found of the so-called ^ 'stimula- 
tion’’ response, namely, decreased sporulation accompanied by in- 
creased growth. Starch formation was abundant with trace-element 
deficiency, and to such an extent that the filtrates of almost every 
culture gave a very strong test for starch. 

Cultures with 10 mg. per liter of malachite green, methyl violet, or 
Nile blue sulfate did not germinate within the duration of the experi- 
ments. Further tests with 1 mg. per liter gave practically maximum 
yields with tin', two last-named compounds though sporulation was de- 
creased by half, and Nile blue sulfate appeared to increase starch 
formation slightly. The cultures with 1 mg. of malachites green pesr 
litesr again did not genninate. Guilliermond and Gautlieret (4) 
found malachite green quite toxic to roots of wheat seedlings. 

EFFECTS OF MISCSELLANEOUS ORGANIC COMPOUNDS 

The effects of miscellaneous organic compounds (table' 2) are quite^ 
similar on the wholes to those obtained with biological stains (table 1). 
( /omparison of the thre'e se>ries will reveal that here also low nitrogeui 
increased reproduction and elecreased the formation of staredi, whereas 
low trace elememts resulted in diminished sporulation anel a marked 
increase in starch production. Moreover, only with low trac.e elements 
did increases in growth above that of the control o(^(uir upon addition 
of organic compounds. 

Table 2. — Effect of wucellaneous organic compounds on growth^ sporulation^ and 
starch formation by Aspergillus niger at 35° C. for 4 days in a dibasic optimum 
solution 1 


Low siicrosp (80 per- 
cent of optimum) 


Low nitrofjen (r)0 per- 
cent of optimum) 


Low trace elements (.W 
percent of optimum) 


Compound (10 mg. jwr liter) 


C3 

O 

! starch 
in- 


fl 

.o 

1 

Starch 
in — 


1 

.2 

Standi 

I in— 


Yield 

H 

A 

m 

sa 

ii 

O-M 

m 

Yield 

cC 

3 

1 

m 

Myce- 

lium 

Solu- 

tion 

Yield 

2 

crj 

ninii 

Solu- 

tion 

Control .. - 

Percent 
100. 0 

8, bl 

2 

0 

Percent 

100.0 

10, br 

3 

0 

Percent 

100.0 

4, bl 

6 

6 

Acenaphthene - 

97.0 

6, bl 

3 

0 

100.2 

10, br 

3 

0 

101.7 

4, bl 

5 

6 

Acridine 

99.6 

8,bl 

? 

0 

99.0 

10, br 

3 

0 

106.0 

4, bl 

6 

5 

Barbituric acid. 

99.6 

8, bl 

6 

0 

9S.9 

10. br 

3 

0 

94.7 

4,bl 

5 

6 

Benzidine sulfate 

97.8 

6, bl 

? 

0 

97. 6 

10, br 

3 

0 

133. 0 

4, bl 

3 

6 

Caffeine 

101. 1 

8, bl 

3 

0 

92.3 

6, br 

2 

0 

89.6 

4,bl 

3 

6 

Colchicine 

102.1 

8, bl 

3 

0 

95. 6 

8.br 

3 

0 

92. 3 

4, bl 

5 

5 

*], 2, 6, 6-Dibenzanthracene.-.- 

100.2 

8, bl 

? 

0 

96.7 

8, br 

3 

0 

92. 4 

4,bl 

3 

6 

Dibrom indan throne . 

96,3 

8, bl 

2 

0 

98. 1 

10, br 

3 

0 

116.5 

4, bl 

6 

0 

•Dibroin indigo , . . , 

95,6 

6,bl 

2 

0 

94.2 

8,br 

3 

0 

112.9 

4,bl 

6 

6 

Dlchlor indanthrone — 

98.4 

8,bl 

2 

0 

97.4 

8, br 

3 

0 

108.6 

4,bl 

6 

6 

Digltonin 

86.8 

4,bl 

2 

0 

81.0 

4, br 

3 

0 

80.9 

4, bl 

5 

5 

Flavanthrone 

96.6 

8,bl 

1 

0 

96.2 

8, br 

3 

0 

124.3 

4,bl 

6 

5 

Indanthrone. 

97.0 

8.bl 

2 

0 

99.4 

10, br 

3 

0 

134.6 

4, bl 

5 

6 

•Methylcholanthrene 

98.9 

8,bl 

2 

0 

98.2 

10, br 

3 

0 

102.7 

4,bl 

6 

6 

Monochlor indanthrone 

97.6 

8, bl 

2 

0 

98.0 

8, br 

3 

0 

111.7 

4,bl 

5 

6 

Phenanthrene 

98.0 

6,bl 

2 

0 

95.5 

6,br 

3 

0 

108. 0 

4,bl 

5 

5 

•Quinine hydrochloride. 

100.8 

8, bl 

3 

0 

98.7 

10, br 

3 

0 

103. 3 

3, bl 


5 

Saponin. 

88.3 

2, bl 

2 

0 

88.0 

2, br 

2 

2 

91.2 

4.bl 


6 

Sulfanilamide., 

97.8 

8,bl 

2 

0 

99.3 

10, br 

3 

0 

78.6 

4,bl 

6 

6 

Tetrabrom indigo 

92.4 

8,bl 

7,bl 

3 

0 

90.3 

4, br 

2 

0 

101.9 

4, bl 

5 

6 

Theobromine 

97. 3 

3 

0 

102.0 

10, br 

3 

0 

113.0 

2,bl 

6 

5 


' ^ Footnotes 1 to 5 of table 1 apply also to this table. 
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EFFE(3TS OF PHENANTHRENE DERIVATIVES 

In the experiments of table 3 the cultures were grown on a low- 
sucrose solution containing 100 p. p. m. of the different phenanthrene 
derivatives. It will be noted that the property of fluorescemee of the 
various compounds bore no relation to any of the results obtained. 
The maximiim increase in yield over that of the control amounted to 
8.9 percent with compound St 53. Compounds St 8, St 11, St 15, 
and St 25 also gave increases in weight of over 5 percent. Only 
derivatives St 14 and St 15 gave increased sporulation; the increase, 
however, was but sliglit. The most marked of the increases in starch 
formation was brought about by St 6 and St 44. Oreatly increased 
starch formation also resulted from addition of compounds St 1, vSt 14, 
St 21 , St 33, St 36, St 39, St 40, St 41, St 43, St 46, St 48, St 53, St 57, 
St 58, St 61, St 76, and St 77. Many of the compounds causing 
increased production of starcli vveri^ carboxylic, acids or hydi*()(*hloride 
salts. 


"Paule II. of Home phenanthrene derivativeH {at 100 nig. per liter) 07i growth , 

sporulation, and starch formation by Aspergillus 7iiger at C. for Jf. days in a 
dibasic optimum solution i 


Ooin- 

pound 

No. 


I’hcnaiithreno dorivutlvo 
f HK) inp. per litor, or 0.01 percM'nt) 


St 2 
St 3 
*St4 
St 5 
St « 
St 7 
St 8 
St 9 
St 10 
St 11 
St 12 
St 13 
St 14 
♦St 15 
•St If) 
•St 17 
St 18 
St 19 
•St 20 


St 21 
St 22 
St 23 
St 24 
St 25 
St 20 
St 27 
St 28 
St 29 
•St 30 
St 31 
St 32 
St 33 
St 34 
St 36 
St 36 
St 37 
St 38 
St 39 
St 401 
St 41 ' 


Control 

1- o.xo-l, 2, 3, 4-tetrahydroi)honanthrctic_ ... 

4-oxo*l, 2, 3, 4-tetrahydrophenanthrene 

3-acetoxy-(>-acetylpheiianthreiie .. 

Pheuanthroiie-3-ald()hyde 

Phenanthreiie-9-aldehyde 

9-hydroxyphenauthrene-10*aldehyde 

3- methoxy-phenanthreiie-9-carboxylic acid . 

2- propionylphenanthrene 

2-hydroxy-9, I0-dihydroi)henaiithr«ne . . _ 

2-liydroxy-3, 7-dipropionyl-9, lO-dihydrophenanthrenc 
2-hydroxy-3, 7-di*n-butyryI-9, lO-dihydropheruinthrene 

Phenanthrene. . 

9, 10-phenanthreneciuinone 

2- (l-hydroxy-r»-prop>l)phonanthroue . - 

l-hydroxy-2-acetylphenanthrene 

4- hydroxydiacetylphcnanthreno 

4-hydroxydipropionylphenanthrene 

3- (2-isonitroso-l-oxo-i)ropyl)phenanthrene 

3-(2-ainino-l-hydroxy-n-propyl)-phenanthrene hydrochlori<le . . 
3-(2-niperidino-l-hydroxy-n-propyl)phenauthrene hydrochlo- 

rine 


9-(2-aniino-l-oxo-propyl)phenapthrene hydrochloride .. 

Phenanthrene 2-carbovyiic acid methyl ester. 

Phenanthrene 2-carboxylic acid ethyl ester 

3-pheiianthryl -methanol — . 

9-phenanthryl-methanol - - 

9-Gthyl-phenanthrene - . - 

2- (l-hydroxyGthyl) phenanthrene 

9- ( 1 -hy droxyethyl) pi lonauthrene 

Phenanthrene-9-carDoxylic acid 

3- acotoxy-4, fi-phenanthrylene oxide 

3-(l.hydroxy-ethyl) phenanthrene . 

3-[2-(diethylamino)-l-hydroxy-ethyll phenanthrene 
9-|2-rdiinethylamJno)-l-oxo-ethyll pheiiantfirene hydrochloride 

3-phenanthryl-acotic acid 

^-(9-phenanthryl) acrylic acid methyl ester 

lJ-(9-phenanthryl)-propionic acid . . - 

/8-(9-phenanthryl) propionic acid methyl ester 

^-(3-phenanthryl) acrylic acid ethyl ester 

/J-(3-phenanthryl)-propIonic acid 

^-(3-phenanthryl) propionic acid methyl ester — 

i3-('3-Dhenanthrvll-Droi)ionic acid hydrazide. 



Sporu- 

lation 

SI, arch in-- 

Yield 

Myce- 

lium 

Solu- 

tion 

Percent 
\ 100. 0 

8, hi 

2 

0 

09. 0 

1, hi 

5 

0 

0 

0 

0 

0 

85. f) 

4, hi 

3 

0 

83. 5 

2, hi 

4 

0 

93. 3 

6, 1)1 

4 

0 

1 52. 5 

1, hi 

R 

3 

88. 5 

4, 1)1 

3 

0 

107. 0 

8, bl 

2 

0 

0 

0 

0 

0 

101.5 

S, bl 

3 

0 

106. 4 

8, bl 

2 

0 

97. 5 

4, bl 

2 

0 

3.5 

2, hi 

0 

0 

96.3 

10. bl 

5 

0 

105.7 

10, bl 

4 

0 

99. 7 

2, hi 

2 

0 

102.7 

4, hi 

4 

0 

103.8 

4. bl 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

79.7 

2, bl 

5 

0 

101. 2 

4, bl 

4 

0 

99.4 

4. bl 

4, bl 

2 

0 

59.0 

r, 

0 

106. 1 

8, bl 

3 

0 

101. 6 

8, bl 

3 

0 

92, 8 

8, bl 

3 

0 

104. 1 

8, bl 

4 

0 

84. 5 

2. bl 

3 

0 

94.7 

2, bl 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

26.9 • 

1,bl 

6 

0 

9.7 

0 

0 

0 

98.8 

6, bl 

2 

0 

74.3 

0 

5 

0 

89.9 

2, bl 

4 

0 

87.9 

4, bl 

3 

0 

73. 2 

l,bl 

6 

0 

95. 3 

bl 

i 

0 

89.3 

1, bl 

1 5 

0 


* Footnote 1 of table 1 applies here except that sucrose was used at 40 gm. per liter; footnotes 2 to 6 of 
table 1 apply also to this table. 
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Table 3. — Effect of some phenanthrene derivatives {at 100 mg. per liter) on growth^ 
sporulation, and starch formation by Aspergillus niger at S5° C. for 4 days in a 
dibasic optimum, solution — Continued 


(k)m- 

poiiud 

No. 


Phenanthrene derivative 
(100 rag. per liter, or 0.01 i>ercent) 


Starch in*- 


Yii'ld 


Sporu- 

lation 


Mycse- 

liiiiii 


Percent 


Solu- 

tion 


St 42 
♦St 43 
St 44 
St 45 
St 46 
St 47 
St 48 
St 49 

St 50 
*St 51 
♦St 52 

♦St 53 
♦St 54 


St 55 
St 56 


/S-f2-plienanthryl) acrylic acid 

/?-C2-phenanthryl) -propionic acid 

/3-(2-phenanthryl)-proploTiic acid hydrus-.ide . _ 

Phenanthrone-9-carl'OxyiiG acid diniethylaralde. . 

P henanthrene-3-carboxy lie acid dimethyilainide 

9-aminoraethyl-pheunnthrene hydrochloride . . . 

Phenaiithreno-3-carboxylic ucid-ffl-(diethylamino)-ethy 1 |-ester 
Phonanthretie-9-carbo.vylic acid-l^-(diethylarnino)-eth'ylj-ester 
hydrochloride , . . . . 

2- £i3-bronio-acetyl phenanthrene 

3- aj-brorao-acetyl phenanthrene 

2- [3-(l,2,3,4-totrahydroisoquinolino)-l-oxo-propyl) p h e n a n - 

threne hydrochloride 

3- (3-piperidino-l-oxo-propyl) phenanthrene hydrochloride 

3-(3-(l,2,3,4-tetrahydroisoquinolino)-l-hydroxy-7i-propyl] phe- 

nanthreno hydrochloride ... 

9-acety l-«-octahydrophenanthrene 

1 ,2,3,4,5,6,7,8-octahydrophpnanthrene-9-carboxylic acid methyl 


105. 0 

42. 1 
17.4 

77.2 
67. 5 

0 

S4. 5 


75.4 
103. 6 
4.8 


97. 6 
108. 9 

1.9 

94.3 


8, bl 

0 

0 

6, bl 
2. bl 
0 

2, bl 

1, bl 
6. bl 
]. bl 

8, bl 
8, bl 

0 

2, bl 


3 


5 


5 

0 


0 

0 

0 

0 

(I 

0 


4 0 

2 0 

0 0 


I 0 

5 0 

0 0 

4 0 


St 57 
St 58 
St 59 
St 60 
St 61 
St 02 

St 63 

St 04 


♦St 65 
♦St 66 
St 67 
♦St 68 
♦St 69 
St 70 
St 71 
♦St 72 

♦St 73 

♦St 74 

St 75 

St 76 

St 77 

St 78 

St 79 

St 80 

St 81 

St 82 

♦St 83 
♦St 84 
♦St 85 


eiiter . .. . 

rf-octahydrophenanthrene-9-carboxylic acid 

3'ethoxy-4-acetylaralnopheuaiithrene _ 

9-ethoxy-lO-acetylarainophenanthrene. 

2-propionyl-9, lO-dihydro-phoaanthrene 

9,10-(iibydrophenanthrene-2-carboxylic acid . 

2-(2-(diethylaralno) • 1 -acetoxj*- • n - propyll-9,10-dihydropbo- 

nanthrene hydrochloride 

2-[2-(diniothylaraino) - 1 - hydroxy - n - propyll-9,10-dihydrophe- 
nanthrene hydrochloride . 

2- |2-(diethylamino)-l-acetoxy - n - propyl 1-9, lO-dihydrophonan- 

threno hydrochloride 

3- hydroxyphenanthrene-4-aldohydo 

7 -( 1-naphthyl )-n-butyrie acid 

•v-lli-naphthyP-n-butyric acid 

4- hydroxyphoaanthrene 

1- hydroxyphenanthrene 

2- hydroxyphenanthrene (2-phenanthrol)_ 

Oxazole or 3-hydroxy-4-aniinoT)henaiithrene . . , 

3- hydroxy-6-(2-(diGthylauuno)-l-hydroxy-ethyll phenanthrene 

hydrochloride 

3-hydroxy-6-l2-(diethylamino)-l-acetoxyothyl] phenanthrene 

hydrochloride 

3-acetoxy-6-[2-(diethylainino)-l-acetoxyethyl] phenanthrene 

hydrochloride 

3-diinethylamino - 4 - hydroxy - 1 ,2,3,4 - tetrahydrophennnthrone 
hydrochloride . . . ... 

2- dicthylaiiiino-l-hydroxy-l,2,3,4-tetrahydrophenanthrene hy- 
drochloride 

3- diraethylaminoraethyl-4-oxo-l,2,3,4-tetrahydrophenanthrene 

hydrochloride 

3-(dimcthylaminoraethyl)-4-acetoxy-l,2,3,4-tetmhydrophenan- 

threne hydrochloride.. 

3-(diniethylaminomethyl)- 4 - hydroxy-1, 2, 3,4-totrahydrophe- 

nanthrene hydrochloride 

3-dlethylaminoiiioth^l - 4 - hydroxy - 1, 2,3,4- tetrahydrophenan- 

threne hydrochloride. 

3-[(l ,2,3.4-tetrahydroi.soquinolino)methyll - 4 - hydroxy - 1,2, 3,4- 
tetrahydrophenanthrene hy<Jrochloride 

1- dimethylamlno-l,2,3,4-tetrahydrophenanthrene hydrochlo- 
ride - 

3-hydroxyphenanthrene 

9-aminophenanthren0 

2- amlnophenanthrene 


101.0 

78.2 
95. 3 
97. 1 

101.8 
38. 6 

0 

0 

9 

90.0 

1.0 

9.0 

0 

0 

0 

101.9 
0 

89.3 

83.3 

84.3 

87.2 

93.4 

98.6 

91.3 

78.9 
102.4 

82.7 
0 

3.2 

0 


8, bl 
2, bl 
4, bl 

6, bl 

7, br 
0 

0 

0 

0 

2, bl 
0 
0 
0 
0 
0 

8, bl 

0 

2, bl 

4. bl 

2 , W 

4, bl 

2, bl 

4, bl 

4, bl 

4, bl 

8, bl 

4,bl 

0 

1, bl 

0 


4 

5 
5 
3 

3 
5 

0 

0 

0 

4 
0 
0 
0 
0 
0 
3 

0 

2 

3 

4 


5 

4 

4 

4 

3 

4 
0 
0 
0 


U 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


The effect of position of substituents in the phenanthrene molecule 
is illustrated in certain cases (8), An oxo group was perceptibly more 
toxic in the 4 position (St 2) than in the 1 position (St 1). Phenan- 
threne with a w-bromo-acetyl group in the 3 position (St 51) was more 
toxic than with the same group in the 2 position (St 60) . Toxicity of 
9-ammophenanthreno (St 84) was somewhat less than that of 2-amino- 
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phcnanthrcne (St 85). Toxicity (table 4) of the hydroxyphenan- 
thrciu^s (St 68, St 69, St 70, St 83) appeared somewhat greater with 
phenolic hydroxyl in the 3 position than in the 1, 2, or 4 position. 

Experiments with those phenathrene derivatives sufficiently toxic 
to prevent germination at a concentration of 100 mg. per liter were 
repeated at a level of 10 mg. per liter. The results are shown in table 
4. Compound St 20 was omitted unintentionally. Derivatives St 
68, St 69, St 70, and St 83 were still toxic and barely permittcKl germi- 
nation to take place. All 4 compounds were mono hydroxyphenan- 
threiies. Of the 12 other compounds tabulated in table 4 a total of 8 
were amino derivatives, and 2 hydroxy. None of thest^ (*ompounds 
led to an increase in starch production at a corKientration of 10 mg. 
p(‘r liter, with the possible exception of derivative's St 31 and St 32. 

M'ablk {. Effect of the more toxic phenanthrene derivatives at U) mg. per Liter on 
growth^ sporulation, and starch for mati on by Aspergillus niger at C. for ^ days 
in a dibasic optimum solution ^ 


PheiiauthreiKj 
derivative 
(10 nip. per liter, 
or 0.(K)1 percent) 

fiow sucrose (80 percent of 
optimum) 

riicnanthrenc 
derivative 
(10 inp. per liter, 
or O.OOl percent) 

Low sucrose (80 percent of 
optimum) 

Yield 

Sporu- 

lation 

Starch in— 

Yield 

Sporu- 

lation 

Starch in — 

Myce- 

lium 

Solu- 

tion 

Myce- 

lium 

Solu- 

tion 


Percent 





Percent 




Control 

100.0 

8, bl 

3 

0 

St 03 

98.9 

8, bl 

2 

0 

St 2. - 

92.0 

4, bl 

3 

0 

St 64 

92.1 

0. bl 

3 

0 

Sty - 

71.0 

2, bl 

3 

0 

*8t68 - ... 

. 1 

0 

0 

0 

St 19 

99.9 

S, bl 

3 

0 

•St 69. 

.3 

0 

0 

0 

*St 20 





St 70 

. 1 

0 

0 

0 

St 31. 

9i’o' 

' 4,'bl 

4 

0 

•St 72- 

85. 5 

2, bl 

3 

0 

St 32 

89.6 

4, bl 

4 

0 

•St 83.. 

0+ 

0 

0 

0 

St 47 

101.8 

8, bl 

1 

0 

•St 85 

86. 1 

1, bl 

2 

0 

St 02 

04. 9 

4, bl 

1 

0 







> S(‘e laMo footiiotr* 1; footnotes 2 to 5 of table 1 apply also to this table. 


DISCUSSION 

Though under conditions of extreme toxicity the yield, sporulation, 
and starch formation of Aspergillus niger were all diminished, this was 
not the case at intermediate stages. Response within this range 
appeared to depend upon the constitution of the toxic substance; 
and yield, sporulation, and starch varied independently of each other. 
In some instances .growth was but slightly, whereas sporulation was 
greatly, diminished. In other cases growth and reprodiK^tion were 
injured in equal degree. Both types of response might be accom- 
panied by either an increase or a decrease in starch content. However, 
no instance was found of a decrease in growth without a corresponding 
decrease in spore formation. Malachite green appeared to be most 
toxic of the substances tested and prevented germination at 1 p. p. m. 

Addition of none of the compounds led to significant increase in 
yield over that of the (jontrol with the exception of 3- (3 piperidino- 
1-oxo-propyl) phenanthrene hydrochloride (St 53) and 2-propionyl- 
phenanthrene (St 8), which produced yields of 108.9 percent and 107.0 
percent, respectively”. These increases also were probably without 
significance. Definite increases in yield over that of the control 
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occurred only with solutions deficient in trace elements, and therefore 
under conditions in which the inorganic impurities present in the 
organic compounds could function. The increases were well defined 
under these conditions and satisfied the criteria of chemical stimu- 
lation.^’ It can be said, therefore, that none of the organic compounds 
were capable of leading to an increase in yield in an optimum solution 
for growth. 

Starch formation was increased through a partial deficiency of trace 
(‘leiiKUits and decTcased by partial nitrogen deficiency. An iruTcase 
in starch may be brought about by an improv(‘nient in nutrition 
(increase in yield) or through toxicity. 

Instances of a diminution in growth a(*.companied by increased 
starch formation were given by acridine' oi-ange, acridine yellow, 
alizarine blue*. (Ehrlich), ineldola blue, methylene blue, rhodamine B, 
rhoduline G(),andphenanthr(‘ne derivatives St 1, St (>, St 21, St 
St 36, St 43, St 44, St 46, St 57, and St 61. Increased starch forma- 
tion was accompani(‘d in ea(;li (iase by a dec're'.ase in sporulation as 
well as yield. Eosin W gelb, erythrosin bluish, fuerhsine S, indigo 
carmine, phosphine, and |)h('na,nthrene derivatives St 14, St 40, St 53, 
and St 58 gave increases in starch formation without an adverse ('fleet 
on yield. No fixed relation betwec'ii spore and starch formation 
occurred when yields remained maximum. On tlu^ other hand no 
decrease in yield occurred, though formation of starch did not take 
place, througli the action 5f aniline blue, brilliant alizarine, ethyl red, 
fluorescein, naphthol green, orange G, quinoline yellow, tartrazinc, 
acridine, benzidine sulfate, and 1, 2, 5, G-dibcnzanthraceiui. Cafl’einc 
and theobromine did not increase standi in Aspergillus, though they 
are reported by Ciamician and Ravenna {3) to do so in green plants. 

T(^sts with N/20 iodine would indicate', the presence of several 
constituents in the hyphal cell walls. The mycelium may absorb 
none of the iodine solution; an immediate brilliant blue color may 
be formed; or a brown spot may be formed that may or may not 
become blue later. It is assumed on the basis of these tests that the 
cell walls comprise a colorless ground stroma similar to that seen 
under starvation conditions, chitin which causes the brown reaction, 
and starch. Infiltration with fatty substance may also enter as a 
factor. 

SUMMARY 

The effects of 37 biological stains, 21 miscellaneous organic com- 
pounds, and 85 phenan throne derivatives on growth, sporulation, 
and starch formation of Aspergillus niger were studied at concentra- 
tions of 1, 10, 20, and 100 mg. per liter. An increase in yield above 
that of the control occurred only in a solution partially deficient in 
trace elements and was attributed to the presence of inorganic impuri- 
ties in the organic compounds. Toxicity was greatest with malachite 
green (1 p. p. m.), though the hydroxyphenanthrenes (10 p. p. m.) 
were also quite toxic. Responses in yield, sporulation, and starch 
formation were not unifonn, but were related to the chemical consti- 
tution of the compound. Starch formation was decreased by low 
nitrogen and by certain compounds. Low trace elements led to an 
increase in starch formation, as did also certain relatively toxic 
compounds. 



June 1 , 1940 Action oj Organic Compounds on Yield oj Aspergillus niger 773 


LITERATURE CITED 


(1) Boas, Friedrich. 

1922. UNTERSUCHUNGEN tlBER SAUREWIRKUNG UNI) BILDUNG LOSLICHER 
STARKE BEI SCHIMMELPILZEN. II. TEIL. C'ciltbl. f. Bakt. (II) 

5(): 7-11. 

(2) Chrzaszcz, T., and Tiukow, D. 

1929. DIE STARKEBILDUNG BEI DEN SCHIMMELPILZEN (PENICILLItJM 
link), WIE AUCH IHR ZCSAMMENHANG MIT DER SAUREBl LDUNG. 

Biochoin. Ztschr. 207: 139J-52, illus. 

(3) CiAMKHAN, G., and Ravenna, C. 

1920. SULL INFLUENZA DI ALCUNE SOSTANZE ORGANICIIE SDLLO SVILUPPO 
DELLE PLANTE. R. Accad. Kaz. dci Lincei, Atii. ((U. di Sci. 
Fis., Mat. c Nat. (5)) 29 (1): 7-13. 

(4) GuiLLiERMoNi), A., and Gautheret, R. 

J93H. culture de vIogiotaux en milieux additionnes de colorants. 

DEGRE DE ToxiciTE DEs COLORANTS. [Paris] Acad. d(\s Sci.. 
Gompt. Rend. 206: 1601 1604. 

(fj) Lappaleinen, Hanna. 

1919. biochemische studien an ASPERGILLUS NIGER. ()fv(‘rs. Fiiiska 
Vetensk. Soc. Frirhaiidl. (1919 20) 62, Afd. A, No. 1, K4 ])|)., illus. 
Helsingfors. 

(6) Schmidt, Dorothea. 

1925. Ober die pilzstarke (amylose) bei Aspergillus niger v. tgh. 

UND EINIGE BEMERKUNGEN UBER IHREN DI ASTATISCHEN ABBAU. 

Biochein. Ztschr. 158: [223] 252, illus. 

(7) Sellei, Josef. 

1935- DIE WACHSTUMFORDERNDE UND -IIEMMENDE WIRKUNG DER FARB- 
STOFFE AUF PFLANZEN. (VORLAUFIGE MITTEILUNG.) Arcll. d(*r 

Pliarm. u. Deut. Pharni. Gcsell. Ber. 1935: 285-288, illus. 

(5) Small, Lyndon F., Eddy, Nathan B., Mosettig, Fiuch, and Himmels- 

BACH, C. K. 

1938. studies on drug addiction with special reference to chemical 

STRUCI’URE OF OPIUM DERIVATIVES AND ALLIED SYNTHETIC SUB- 
STANCES AND THEIR PHYSIOLOGICAL ACTION. D. S. Pub. Health 

8erv., Pub. Health Rpts. Sup. 138, 143 pp. 

(9) Steinberg, Robert A. 

1934. THE so-called “chemical stimulation’’ of ASPERGILLUS NIGER 
BY IRON, ZINC, AND OTHER HEAVY METAL POISONS. ToiTCy Bot. 

Club Bul. 61: 241-248. 

(10) Fhom, Charles, and Steinberg, Robert A. 

1939. the chemical induction of genetic changes in fungi. Natl. 

Acad. Sci. Proc. 25: 329-335. 




HEMICELLULOSES OF ALFALFA HAY > 


By Max Phillips, senior chemist, and B. L. Davis, junior chemist, Industrial 
Farm Products Research Division, Bureau of Agricultural Chemistry and Engineer- 
ing, United States Department of Agriculture 

INTRODUCTION 

Although the literature dealing with the chemical composition of 
forage plants and hays is extensive, little information is available on 
the liemicelluloses from these plants and plant materials. Further- 
more, many of the analytical data on the liemicelluloses recorded in 
the literature were obtained by methods now known to give erroneous 
results. Thus many investigators determined the hcmicellulose con- 
tent by subjecting the plant material (which in many cases had not 
been previously freed of pectin) to hydrolysis with dilute hydrochloric 
or sulfuric acid, determining the copper reduction value of the hydroly- 
sate, and calculating the result as percentage of dextrose. Others have 
used the yield of furfural obtained by distilling the plant material 
with 12-percent hydrochloric acid as a measure of the hemicellulose 
content. Both these methods give results that are in effect the sum 
of several factors of unecpial magnitude. Thus, on the one hand, the 
copper-reduction values of the several hexoses, pentoses, ci-glucuronic 
acid, and rf-galacturonic acid vary considerably, and, on the other 
hand, the yields of furfural afforded by arabinose, xylose, and the 
hcxuronic acids differ greatly. Among the investigators who have 
used the analytical methods referred to above are Nelson 
Steinmetz {31), Lcukel {IJj), and Albert (I). 

A new apjiroach to the study of the hemicelluloses has been made 
in recent years by a group of English investigators, among whom may 
be mentioned Scliryver and his coworkers {10, 30), O’Dwyer {21 , 22, 
23), Norris {3, 4, 20), Preece {25, 26, 27), Norman {17, 18, 19), and 
Buston (7, 8, 9). As a result of their work our knowledge of tiie 
chemistry of these complex carbohydrates has been considerably 
increased. New methods of fractionation and separation have beeii 
introduced, and in addition it has been demonstrated that the hemi- 
celluloses arc not simply liexosans or pentosans or mixtures of these 
sugar anhydrides, but that they nearly always contain a uronic acid, 
which may be either d-gl neuronic acid or rf-galacturonic acid. 

Employing the technique of extraction and fractionation introduced 
by O’Dwyer {21 , 22, 23), by Norris and coworkers (3, 4, 20), and by 
Preece {25, 26, 27), Burkhart {6) isolated two hemicelloulses from 
alfalfa roots. On hydrolysis both fractions yielded d-glucose and 
rZ-xylose. A uronic acid was also present, but was not definitely 
identified. 

The object of the investigation reported in this paper was to deter- 
mine the character and composition of the hemicelluloses of alfalfa 
hay by methods recently developed. 

1 Received for publication November 18, 1939. 
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METHODS AND RESULTS 

The alfalfa (Medicago sativa) hay used in this investigation was 
grown at the TJnited States Department of Agriculture Beltsvillc 
Research Center. Analysis ^ showed that it liad the following con- 
stituents (all results wore calculated on material oven-dried at 105® 
C.): Ash, 8.85 percent; alcohol-benzene extractives, 11.82 percent; 
furfural, 7.80 percent; uronic acids (as anhydride), 11.66 percent. 

The alfalfa was cut into pieces about 1 inch long and extracted for 
about 30 hours with a 1:2 ethanol-benzene solution. The extracted 
material was placed in a large evaporating dish, and the residual 
ethanol-benzene evai)orated on the steam bath. 

EXTRACTION WITH 0.5-PERCENT AMMONIUM OXALATE SOLUTION 

To 600 gm. of ground and ethanol-benzene-extracted alfalfa (563 
gm. of moisture-free material), 4,500 cc. of 0.5-porcent a.mmoruum 
oxalate solution was added, and the mixture was digested at 85® C. 
for 24 hours. From time to time the mixture was stirred manually. 
The reaction mixture was filtered, and the digestion witli ammonium 
oxalate solution was repeated three times. The combined filtrate from 
the four extractions was <*<)ncentrated under reduced pressure to 
a,p])roximately one-fourth of its original volume, and four volumes of 
95-percent ethanol was added to it. The precipitate was allowed to 
settle, was filtered, and washed with ethanol of graded strengths.^ 
The yield of moisture-free material amounted to 94.1 gm. (16.7 iier- 
cent, calculated on the ethanol-benzene-extracted, oven-dried alfalfa). 
An amorphous grayish product was obtained. 

In another experiment 600 gm. of ethanol-benzene-extracted alfalfa 
was first digested with water at 85® C. for 24 hours and then with 
0.5-percent ammonium oxalate solution as described above. The 
aqueous and the ammonium oxalate extracts were concentrated under 
reduced pressure, and then each was treated with four volumes of 
95-percont ethanol. The crude water-soluble and ammonium oxalate- 
soluble pectins were filtered off and washed with ethanol of graded 
strengths. The yields of the water-soluble and the ammonium 
oxalate-soluble pectins amounted to 23.6 and 72.7 gm., respectively, 
of moisture- and ash-free material. 

To 359 gm. of pectin-free material (equivalent to 340 gm. of mois- 
ture-free material) a sufficient quantity of alcoholic sodium hydroxide 
solution (20 gm. of sodium hydroxide, 400 cc. of water, and sufficient 
95-percent ethanol to make 1 liter of solution) was added to cover 
completely the extracted alfalfa, and the mixture was then digested 
at room temperature for 24 hours. From time to time the reaction 
mixture was stirred manually. The plant material was filtered off, 
and the digestion with alcoholic sodium hydroxide solution was 
repeated three times. The combined extract was neutralized with 
hydrochloric acid, and the ethanol was distilled off under reduced 
pressure. The residual solution was made acid with hydrochloric 
acid, and the precipitated lignin was filtered pff and dried m vacuo at 
56® C. over P 2 O 5 . The yield was 28 gm. iThe lignin obtained was 

» Ash was determined by igniting the .sample in an electric muffle at 600* C. The ethanol-benzene extrac- 
tives were determined by extracting the material with a 1 :2 ethanol-benzene solution for 30 hours in a Soxhlet 
extractor. Furfural was determined by the Tollens-XrOber procedure as described by the Association of 
Official Agricultural Chemists (^). The uronic acids were determined according to the procedure recom- 
mended by Dickson, Otterson, and Link (fl), as modified slightly by Phillips, Qoss, and Browne iU)- 
* The term ^'graded strengths" as used in this paper means 70-percent, 8d-percent. 05-percent, and absolute 
ethanol. 
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light brown. When distilled with 12-percent hydrochloric acid it 
yielded furfural equivalent in weight to 0.5 percent of the weight of 
the lignin. The filtrate from the lignin precipitate was neutralized 
with sodium hydroxide solution and evaporated to dryness on the 
steam bath, and the residual material was dried in the oven at 105° 
C'. When distilled with 12-percent hydrochloric acid, this material 
gave negligible quantities of furfural, thus indicating that this method 
of delignification did not bring about any appreciable loss of hemicel- 
luloses. 

ISOLATION OF THE HEMICELLULOSES 

The material that had been extracted with alcoholic sodium hy- 
droxide solution w«s placed on the steam bath, and the ethanol was 
removed by evaporation. It was then mixed with sufficent 5-percent 
aqueous sodium hydroxide solution to make a thin suspension and 
was allowed to digest at room temperature for 24 hours. The reaction 
mixture was stirred from time to time. At the end of the 24-hour 
period, the mixture was filtered, and the digestion of the residual 
material with 5-percent aqueous sodium hydroxide solution was 
repealed three times. When the combined extracts were acidified 
with acetic acid, only a sliglit turbidity was produced, thus indicating 
the absence of any appreciable quantities of hemicellulose fraction A 
according to the classification and nomenclature of Norris and his 
coworkers (3j 4^ 30). 

To the solution that had hoim made acdd with acetic acid one-half 
its volume of acetone was added. On standing, a precipitate settled 
out. This was separated with the aid of the centrifuge. The product 
was washed with ethanol of graded strengths, and after centrifuging, 
the wash ethanol was removed by decantation. The product was 
dried in the desiccator over calcium chloride. The yield of this 
fraction, which corresponded to the B fraction according to the 
classification of Norris and his coworkers, amounted to 8.0 percent of 
tlie moisture-free and ethanol-benzenc-extracted material. 

A small i)ortion of tlie filtrate from the above-described liemi- 
cellulose preparation, to which another one-half volume of acetone 
was added, failed to yield any precipitate, thus indicating the absence 
of any C fraction. However, when 1 volume of 95-percent ethanol 
was added, some precipitate settled out. This precipitate w^as 
separated with the aid of the centrifuge and washed with ethanol of 
graded strengths. The yield amounted to 1.9 percent (calculated on 
the basis of the moisture-free product and the moisture-free and 
ethanol-benzene-extracted starting material). This product, which 
may be designated as the D fraction, contained 9.88 percent of iironic 
acids (as anhydrides) and when distilled with 12-pcrcent hydro- 
chloric acid afforded 20.38 percent of furfural. Owing to lack of 
sufficient material, this product was not examined further. 

PURIFICATION OF HEMICELLULOSE FRACTION B 

Fraction B was purified by the method of Salkowski (38). The 
hemicellulose was dissolved in 4-ijercent aqueous sodium hydroxide 
solution, the solution was filtered through glass wool, and the filtrate 
poured into an excess of Fehling's solution. The bulky and gelatinous 
hemicellulose-copper complex was filtered off, and dissolved in dilute 
hydrochloric acid solution. An equal volume of acetone was then 
added. The precipitated hemicellulose was filtered off and washed 
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with ethanol of graded strengths. It was dried in the Abderhalden 
drier over P 2 O 6 at 56° C. The yield amounted to 4.3 percent of the 
moisture-free and ethanol-benzene-extracted alfalfa. Nothing definite 
was isolated from the filtrate of the hemicellulose-copper complex. 

An analysis of the purified B hemicellulose fraction gave the follow- 
ing results (calculated on the moisture- and ash-free basis): Nitrogen, 
1.03 percent; total furfural (calculated as pentosans), 77.34 percent; 
uronic acids (as anhydrides), 12.13 percent; mothoxyl, 2.27 percent. 

HYDROLYSIS OF HEMICELLULOSE FRACTION B 

The hemicellulose (14.5 gm.) was treated with 725 cc. of 2.5-percent 
sulfuric acid, and the mixture was boiled under the reflux condenser 
for 6 hours. The dark insoluble material was filtered off. When 
dried at 105° C. it amounted to 0.88 gm. The filtrate was partly 
neutralized with a solution of barium hydroxide, and the neutrali- 
zation was completed with barium carbonate. The barium sulfate 
and the excess of barium carbonate were filtered off and washed with 
liot water, and the washings were added to the main filtrate. The 
filtrate was clarified with Norit and with Filter Cel and concentrated 
under reduced pressure to a volume of approximately 100 cc. at a 
temperature not exceeding 50°. To the concentrated solution was 
added five times its volume of 95-percent ethanol, and the precipitated 
barium salt was filtered off. When dried in the Abderhalden drier 
over P 2 O 5 at 56° C., this salt weighed 1.26 gm. The filtrate froin 
the barium salt was concentrated under reduced pressure to a thin 
sirup, and 5 volumes of alcohol was added to it. The solution, which 
became only slightly turbid, was filtered and concentrated in vacuo 
to a thin sirup. On standing, crystals separated out and were 
filtered off and recrystallizcd from 70 to 7^porcent ethanol. The', 
crystals were identified as (f-xylose by specific rotation, by Bertrand^s 
{ISj p. 58) method, and by their optical properties.^’ The yield 
amounted to 10 gm. 

A benzylphenylhydrazone and diphenylhydrazone were prepared 
from the sirup from which xylose had separated. They were identi- 
fied by their melting points as the hydrazones of Z-arabinose. The 
optical properties of the diphenylhydrazone agreed exactly witli those 
of a known specimen of Z-arabinose diphenylhydrazone. 

By means of the Wise and Peterson (33) modification of the Neu- 
berg and Wohlgemuth {16) method for the quantitative estimation 
of arabinose, it was found that the B hemicellulose fraction contained 
0.8 percent of arabinose. 

The sirup was also tested for glucose, fructose, mannose, and galac- 
tose, with negative results. 

Tlie barium salt (1.26 gm.) that had been precipitated from the 
sugar solution with 95-percent ethanol gave Tollens’ (32) iiaphtho- 
resorcinol test for uronic acid. It gave no music acid on oxidation 
with nitric acid, and also with bromine water, thus indicating that it 
was not galacturonic acid. The jp-bromphenylosazone was prepared 
according to the procedure of Gqldschmiedt and Zerner (13), The 
osazone melted with decomposition, but the decomposition point 
(184°) was considerably lower than that recorded by Goldschmiedt 
and.Zemer. Although it seems probable that the uronic acid ob- 


* All Identifications by optical methods were made by G. L. Keenan of the Mlcroanalytical Division of 
the Food and Drug Administration, U. S. Department of Agriculture. 
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taiiiod was neuronic acid, nevertheless, jn view of the lower de- 
coniposition point of the isolated p-hrompliepylosazone of the barium 
salt, this cannot be stated with certainty. The possibility that it 
may liave been one of the methyl ethers of d-glucuronic acid is not 
excluded, especially since the barium salt contained 1.4 percent of 
methoxyl. Sands and Gary {29), as well as Anderson, Russell, and 
Seigle (2), found it difficult to identify the uronic acid in the presence 
of the methoxyl grouj). 

SUMMARY 

The hemicelluloses of alfalfa, hay were isolated. When fractionated 
according to the method of Norris and his coworkers, they were found 
to consist almost entirely of the B fraction. On hydrolysis this prod- 
u(*t yielded d-xylose, togetlier with a small amount (0.8 percent) of 
Z-arabinose. This fraction contained also a uronic acid that was 
probably glucuronic acid or one of its methyl derivatives. 
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HEMICELLULOSES OF WHEAT STRAW ^ 


By H. D. Weihe, assistant chemist^ and Max Phillips, senior chemist^ Industrial 

Farm, Products Research Division^ Bureau of Agricultural Chemistry and Engi- 
neering^ United States Department of Agriculture 

INTRODUCTION 

111 1890, 2 yetvrs before the term ^Oiemicellulose” was introduced 
into ehemical literature by Schulze {12 ) Allen and Tollens {1) 
extracted wheat straw with alkali and obtained a product that on 
hydrolysis afforded </-xylose. In 1901 Salkowski (11) extracted 
wheat straw with boiling O-percent sodium hydroxide solution and 
sliowed that the xylan could be precipitated from the alkaline extract 
by means of Fehling’s solution and thus freed of certain impurities. 
Ileuser, Braden, and Kiirschner (6) improved Salkowski^s method, 
and in order not to (‘ontaminate their product with lignin, they used 
bleacheil straw pulp (method of delignification not given) as their 
starting mati'rial. They obtained a product that was 90 percent 
xylan. 

The investigation re[)orted in this paper was undertaken for the 
purpose of detennining the character and composition of the hemi- 
celluloses of wheat straw by methods recently developed. 

i METHODS AND RESULTS 

Analysis showed that the wheat {Triticum, aestlnttfi) straw used in 
this investigation had the following constituents: ^ Ash, 4.37 percent; 
ethanol-benzene extractives, 0 percent; pentosans,^ 29.4 percent ; 
uronic acids (as anhydride), 4.5 iicrcent; pectin (as calcium pectate), 
1 percent. 

The straw was cut into small pieces and extracted for about 30 
hours with a 1:2 ethanol-benzene solution in a large Soxhlet-type 
extractor. The extracted material was heated on the steam liath 
until free of solvent and then ground in a W iley mill until it was fine 
enough to pass a fiO-mesli sieve. The (extracted straw was treated 
with hot (85® C.) water in the proportion of 1 liter of water to 100 
gm. of straw, and the mixture was digested at 85® for 4 hours. The 
straw wuis filtennl off, and the extraction with hot w ater was repeated 
twice. The combined aqueous extract was concentrated under 
reduced tiressure and treated with four volumes of 95-percent ethanol. 
The precipitate wnis then filtered off. After drying it amounted to 
2.1 percent of the weight of the diy ethanol-benzenc-extracted straw. 

The straw that had been extracted with hot water was then 
extracted with 0.5-f)ercent aqueous ammonium oxalate solution at 
85® C., and the procedure described above for the hot-water extraction 
was followed, except that 95-perccnt ethanol that had been acidified 
wnth hydrochloric acid was used for the precipitation. The precipitate 

1 Kec-oived for publication Noveml)er 18, 

2 Italic numbers in parentheses refer to Literature Cited, p. 786. 

3 The analytical methods used were those de.scribed by Phillips and Davis HO). 

* l^nless indicated otherwise the percentages of pentosans recordetl in this paper have not been corrected 
for the furfural afforded by the uronic acid. 
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was filtered ofl' and dried in vacuo over sidfuric acid. The yield 
amounted to 3.1 percent of the weight of the dry ethanol-henzene- 
extracted straw. 

ISOLATION OF THP^ HEMICELLULOSES 

To 500 gin. (moisture-free) of the straw that had been su(*cessively 
extracted with ethanol-benzene solution, hot water, and ammonium 
oxalate solution, 4.5 liters of 5-percent aqueous sodium hydroxide 
solution was added. The mixture was digested at room temfierature 
for 24 hours, being stirred by haiul from time to time. It was then 
filtered, and the digestion with 5-percent aqueous sodium hydroxide 
solution was repeated four times. The cellulose residue from flu* last 
extraction operation was washed writh water and dried at 105° (\ It 
weighed 270.7 gm. 

The combined alkaline extract was treated with an equal volume of 
95-percent ethanol, and after being thoroughly mixed was allowed to 
stand at room temperature for 24 liours. The supernatant licjuid 
was then drawm ofT, and the liemicelluloses were freed of sodium 
hydroxide by repeated washing with 95-perc(Mit ethanol. The 
product was suspended in 70-per(*ent ethanol, and concentrated 
hydrochloric acid w^as added to the mixture until it was distinctly 
acid. After the product had stood overnight, the supernatant li(|uid 
was drawn ofl‘, and the hemicelluloses were rejieatedly washed with 
70-])ercent ethanol until free of sodium chloride. It was then washed 
with ethanol of graded strengths ® and fmall;^ with anhydrous ether. 
All the washings were done by thoroughly mixing the hemicelluloses 
with the solvent in centrifuge bottles and then separating the super- 
natant liquid with the aid of the centrifuge. The yield amounted to 
140.0 gm. The analytical data on this product are as follow^s: Ash, 
5.59 percent; lignin, 3.27 percent; iironic acid (as anhydride), 5.07 
percemt; total furfural (calculated as pentosans), 80.51 percent. 

DELKINIFICATION OF HEMICELLUIX)SES 

The delignification was accomplished by a modification of the 
procedure used by Van Beckum and Ritter (J4) for the preparation 
of holocellulose. Two 5()-gm. jiortions of the crude hemicelluloses 
were placed in two centrifuge bottles (400-cc. capacity) each contain- 
ing 50 cc. of water. Each centrifuge bottle was provided with a 
stopper through which passed an inlet tube extending nearly to the 
surface of the hemiccllulose preparation, and an outlet tube. The 
hemicelluloses were thoroughly mixed with the water, and the centri- 
fuge bottles were placed in a bath of ice water. A slow stream of 
chlorine gas was passed through each bottle for 1 hour. Every 6 to 
8 minutes the stoppers in the bottles were removed and the contents 
stirred. At the end of the chlorination period, 300 cc. of 95-percent 
ethanol was added to each bottle. The contents were thoroughly 
mixed and then centrifuged. The supernatant ethanol solution was 
drawn off, and the chlorinated material in each centrifuge bottle was 
treated with 300 cc. of a S-percent ethanolamine solution in 95-percent 
ethanol, and after being mixed was heated in a water bath at 80° C. 
for 10 minutes. The reaction mixture was allowed to cool to 50° 
and the,n was centrifuged. The supernatant liquid was drawn off, 

® The term “graded strengt,h8“ as used in this paper means 70-percent, 8r)-percenl, 9.^)-i)ercent, and absolute 
ethanol. 
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and the extraction with ethanolainine was repeated. The extracted 
heniicellnloses were then washed with 95-percent ethanol and finally 
with absolnte ethanol and with ether. The material was dried in the 
Vaciiiiin desic(*ator over concentrated sulfuric acid. The product 
was colorless and weiprhed 115.6 gm. The analytical data on the 
material are: Ash, 1.78 percent; lig:nin, trace; uronic acid (as 
anhydride), 5.78 percent; furfural (calculated as pentosans), 88.21 
percent. 

FRACTIONATION OF THE HEMICELLULOSES 

One hundred ^rrams of tlie hemicelluloses, delignified as described 
above, was dissolved in a solution containinf^ 60 pn. of sodium 
hydroxide in 2,250 cc. of water. The alkaline solution was filtered 
through ^lass wool, and the filtrate was made slight!}^ acid with 
acetic acid. Since a preliminary experiment had indicated that 
fiaction A (classification and nomenclature of Norris and Preece 
(2, 3, 9) was present in only small amounts, no attempt was made to 
se])arate this fraction. Accordingl}^, one-half its volume of acetone 
was added to the acidified solution, and the hemicellulose fraction B 
together with the small quantity of fra(‘tion A was separated with the 
aid of the centrifuge. The product was washed with ethanol of 
graded strengths and finally with anhydrous ether. It was dried in 
the vacuum desiccator over sidfuric acid. The yield amounted to 
79.2 gm. 

To the filtrate from the previous hemicellulose fraction 95-percent 
ethanol was added until no more jjrecipitate settled out. This 
hemicellulose fraction (fraction C) was removed by centrifuging. It 
was w^ashed with graded strengths of ethanol and finally with anhy- 
drous ether. It was dried in vacuo over sulfuric acid. The yield was 
9.0 gm. The analytical data on tlie material are: Asli, 8.66 percent; 
uronic acid (as anhydride), 9.64 percent; pentosans, 70.58 ]>ercent; 
methoxyl, 8.74 percent. 

It will be observed that the percentages of uronic acid and methoxyl 
were considerably liigher in this hemicellulose fraction than in the A 
and B fractions. Because of the limited quantity of material available, 
this fraction was not hydrolyzed. 

HYDROLYSIS OF THE COMBINED A AND B HEMICBLLUIXJSE FRACTIONS 

To 35 gm. of the hemicellulose preparation, 750 cc. of 2.5-percent 
sulfuric acid was added, and the mixture was heated on an electric 
hot plate under a reflux condenser for 15 hours. The reaction mix- 
ture was allowed to cool and then wuis filtered on a weighed filter 
paper. After drying at 105° C., the insoluble residue amounted to 
0.8426 gm. Approximately nine-tenths of the calculated quantity 
of barium liydroxide solution w^as added to the filtrate slowly with 
stirring, wdiile the temperature of the reaction mixture was kept at 
40°. An excess of barium carbonate w^as then added, and the mix- 
ture was heated at 70° to 80° for 20 minutes wdiile it w^as continually 
stirred. To this mixture 5 gm. of Norit and 3 gm. of Filter Cel were 
added, and the heating was continued for another 15 minutes. After 
the mixture had stood overnight, the clear supernatant liquid was 
drawn off and filtered. The sediment of barium sulfate, barium 
carbonate, etc., w^as transferred to centrifuge bottles and centrifuged, 
and the clear supernatant liquid was drawn off. The residue was 
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mixed with distilled water and centrifueed, and the siipernattint 
liquid was separated from the sludge. The clear solutions from the 
two centrifuging operations were combined, filtered, and added to 
the main filtrate. This solution was concentrated under reduced 
pressure to a volume of approximately 100 cc. (the temperature of 
the bath during concentration did not exceed 50°). The concentrated 
solution was poured into four volume of 95-percent ethanol, and the 
resulting mixture was centrifuged. The supernatant liquid was 
drawn off, and the precipitate of the barium salt was washed with 
absolute ethanol and with anhydrous ether and was finally dried in 
vacuo over sulfuric acid. The product weighed 0.5 gm. 

The supernatant liquid from the barium salt was concenti*ated 
under reduced pressure at 50° C., and the thin sirup was again treated 
wdth 4 volumes of ethanol. As no more precipitate of barium salt 
was obtained, the sugar solution was again concentrated under re- 
duced pressure to a thin sirup, and this was allow^ed to stand in the 
vacuum desiccator until it started to crystallize. After an appreci- 
able quantity of sugar had crystallized from the solution, the mixture 
was filtered. The sugar was recrystallized from dilute ethanol, and 
after it was dried in the vacuum desiccator over sulfuric acid it 
weighed 15.5 gm. This sugar w^as identified as ^/-xylose by the specific 
rotation and melting point and by Bertrand’s method (5). The 
optical |)roperties ® of the double cadmium salt prepared by Bertrand’s 
method were identical with those of the salt prepared by the same 
method from a knowui specimen of pure ^/-xylose. 

A diphenylhydrazonc was prepared from the sirup from whi(*h d- 
xylose had sepanited. It was identified as the diphenylhydrazone of 
/-arabinose by its melting point and by the optical properties of the 
crystals. 

Analysis by the Wise and Peterson {15) modification of the method 
of Neuberg and Wohl<remutli {8) showed that the sirup contained 1.27 
gm. of /-arabinose. The total reducing sugars (calculated as glucose), 
determined by the Munsen-Walker procedure, amounted to 10.97 gm. 
The sirup w^as also tested for glucose, mannose, and galactose, but 
with negative results. 

The barium salt that had been precipitated from the sugar solution 
with ethanol gave Tollens’ {IS) naphthoresorcinol test for uronic acids. 
It gave no mucic acid on oxidation with nitric acid or on oxidation 
with bromine w^ater, thus indicating that it was not galacturonic acid. 
An attempt w^as made to prepare the 7 >-bromphenylosazone of glu- 
curonic acid according to tlie procedure of Goldschmiedt and Zerner 
(^), but a brown amorphous product was obtained that did not appear 
to have the properties of the p-bromphenylosazone recorded by these 
investigators. Because of lack of sufficient material, it wuis not pos- 
sible to try other means of identification, and the uronic acid was 
therefore not definitely identified. 

The analytical data on the combined A and B hemicellulose frac- 
tions are as follows:^ Ash, 4.51 percent; nitrogen, 0.06 percent; 
lignin, none; methoxyl, 1.33 percent; uronic acid (as anhydride), 4.76 

• All identifioations by optical methods were made by O. L. Keenan of the Microanalytical Division of 
the Food and Driic Administration, IT. S. Department of Af?rieiilture. 

7 In calculatinii the yield of furfural from the percentage of uronic acid anhydride, the assumption was 
made that the uronic acid was d-alucnronic acid. According to Leffivre and Tollens (7), d-glucuronic acid 
affords 19 percent of its weight of furfural. Fn calculating the percentages of furfural derived from F-arabinose 
and rf-xvlose, consideration was given to the fact that these sugars furnish 75 and 90 percent, respectively, 
of the theoretical yield of furfural. 
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percent; total fuifural, 55.8 percent; furfural from uronic acid, 0.9 
percent; /-aiabinoee, 8.0 percent; furfural from /-arahinose, 1.7 per- 
cent; furfuial fiom d-xylote \hy diftcrcLce), 58.2 percent; d-xylose 
(calculated fiom furfural), 92.8 percent; molar ratio of uionic acid to 
/-arabinose and r/-xylose, 1:0.9:28. 

Dr. Sterling B. Hendiicks of the Bureau of Plant Industry made an 
X-ray examii.ation of two bomples (Nos. 1 and 2) of the heiiiicelluloses 
of wdieat straw. wSample No. 1 was prepared as desciibed on pages 
782 and 783 of this paper. 8ami le No. 2 wa- prepared as follows: The 
residual cellulosic material obtained in the preparation of sample No. 1 
was exhaustively extracted with a 10-percent acjiieous sodium hydrox- 
ide solution at ordinary room temperature, 'lo the alkaline extract 
an equal volume of 95-peicent ethanol w^as added, and the precipi- 
tated hemicelluloses were separated with the aid of the centrifuge. 
The product w as freed of so<lium hydroxide by rejicated washing wdtli 
95-perccnt ethanol. The hemicelluiose precipitate was then suspended 
in 95-])ercent ettiai.ol, and concentrated hydrochloiic acid was added 
to the mixture until it was oistinctly acid. After the mixture had 
stood overnight, the supernatai.t licpnd w-as drawn off, and the heini- 
(‘clluloses w^ere washed with ethanol of graded strengths and finally 
widh anhydrous ether. The jiroduct was dried in the vacuum desic- 
cator over concentrated sulfuiic acid. On analysis this product gave 
the following results: Pentosans, 78.88 peicent; uronic acids (as 
anhydride), 8.75 |)ercent, Hendricks’ report was as follows: 

X-ray diffraction i)hotograj)iiS were made from two samples of liemicelluloses 
from wlieat straw. Samples for study were kneaded into small pe.Ilets which 
were mounted in the X-ray t)eam. Bot/h materials gave the usual type of X-ray 
l)ow'der diffraction pattern characteristic of crystalline substances or randomly 
oriented fibers. However, diffraction patterns of the tw^o samples differed greatly 
in the positions and intensities of the interference maxima. Fe K radiation was 
used in t he X-ray w^ork. 

SUMMARY 

The hemicelluloses of wheat straW' were isolated, and the product 
was freed of nitrogen and lignin. When fractionated, the hemi- 
cellulose.s were found to consist chielly of the B fraction, together 
with a small proportion of the C fraction. On hydrolysis the B frac- 
tion afforded ^/-xylose, /-arabinose, and a ui’onic acid that w as probably 
glucuronic acid or a methyl derivative of it. The molar ratio of uronic 
acid to /-arabinose and (/-xylose in this fraction was found to be 
1 : 0.9: 28, respectively. 
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STUDIES ON THE NATURAL INOCULATION OP SEED 
BARLEY WITH COVERED SMUT (USTILAGO HORDEI) ‘ 

By V. F. Tapke 

Pathologistj Division of Cereal Crops and Diseases, Bureau of Plant Industry, 
United States Department of Agriculture 

INTRODUCTION 

Tlie present investigation is one in a series of studies by the writer 
{38, 39, 40, 4^j 4^1 44j on inoculation, incubation, and infection in 
the smuts of barley {Ilordeum vulgare L.) and was undertaken with a 
twofold objective: (1) To obtain a better fundamental knowledge of tlu' 
natural metliod of inoculation and the rc^asons for its effectiveness and 
(2) to determine the cause of the usual inefFcctiv(‘ness of the artificuil 
method of seed inoculation and its exceptional effectiveiu'ss as reported 
by Faris (11). 

PREVIOUS INVESTIGATIONS 

Since Jensen (^3) first reported, in 1888, two kinds of barley smut — 
loose smut {Ihtilago nuda (Jens.) Kell, and Sw.) and covered smut 
(U. hordei (I’ers.) Kell, and Sw.) — it has been singularly difficult to 
acquire an accurate^ knowh^dge as to how tlu^se smuts initiate, develop, 
and completes their parasitic relation with the barl(\y host. Foi* 
(example, after it had been thoroughly establishe'd, appaiTMitly, that the 
barley loose smut fungus produces infection only through inoculation 
of the flowers (4, 5, 7, 13, 1 7, 18, 21 , 33), up to 100 percent of loose smut 
was obtained through inoculating th(^ seed (48, 4*1). Furthermor(% 
S('ed treatment with certain surface disinfectants fiT^quently was found 
highly (dfective in control (30, 31, 50, 51) after convincing tests 

apparently had proved that only a long and penetrating seed treatment 
could reach and control the deep-seated infection threads of this smut 
(2, 13, 22, 24)- In 1932 the writer (38) first reported that barley 
loose smut in tlu' United States is causeil not only by I Jfitilago nuda 
but also by another wide-spread fungus for which the name U. nigra 
was proposed. It was found that f \ nigra is aine-nable to (‘nntrol 
through seed treatment with certain surface disinfectants and is able 
to produce seedling infection and smutted plants when the spores arc 
superficially applied to the seed {38, 39). This discovery clarified the 
loose smut situation. ' 

The barley covered smut, however, still remained difficult to under- 
stand. For example, it has been geruTally accepted tJiat the firm, 
compact covered smut heads remain intact while they are in the fiedd 
and that the seed first becomes inoculated in threshing, through disin- 
tegration of the smut heads and the adherence of spores to the surface 
of the kernels {8, 10, 16, 19, 20, 22, 27, 34, 35, 37)^ If this were 

1 Received for publication April IS, 1940. Coofwrative investigations of the piviswn of Cereal Crops and 
Diseases, Bureau of Plant Industry, U. 8. llepartroenl of Agriculture, and the New 1 ork (Cornell) Agricul- 
tural Exiieriment Station. 

2 Italic numbers in parentheses refer to Literature Cited, p. 808. 
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('iitin'ly true, then the trc'atment of sc'ed with a surface disinfectant 
should kill the superfic/ially borne spores and control the smut. A 
wealth of lit(u*ature is available, howiwer, which shows that numerous 
liquid and dust furij^icidiss applied to seed from smutted fields fn*- 
(piently have failed to (>ft‘ect complete control {14, 28, 29, 31, 50, 51). 
\Ior(*over, if s[)or('s on th(‘ surface of se(*d W(*re accountabh* for the 
heavy outbreaks of covered smut so fr('(|U(‘ntly observed in grow(*rs’ 
fields, then th(‘ artificial dusting of seed with millions of spores should 
prove' an efllective method of ino(*ulation. Extensive U'sls over many 
ye'ars, in this country and in other countries, have' shown repeat e'elly 
that this nie'thoel of ineiculation usually re'sults only in low pe'rcenta^es 
of eovere'd smut (/, 3, 6, 23, 25, 32, 36, 47). The e'ffect of this pre'dica- 
merit on the' progress of research has been we'll e'pitomized by Mackic' 
(32) : 

Experiments in C/alifornia have for ttirec years failed in attempt to create heavy 
smut attacks by artificially inoculating seed l)arley. This has l)e(ui the experience 
of otlier investigators. It has ther(*fore been impossible to determine tlu? smut 
resistance of any of the hundreds of barley varieties under test. 

Adding further to f lic complexity of the situation, Faris (11), in dia- 
mi'tric contrast to the usual ('xpi'riencc', ri'ported ('xcelh'iit results with 
th(' spore-dusting nu'thod of seed inoculation. There is nothing to 
indicate that the tcchniqiK' of inoculation used by Faris diflen'd from 
that used by Mackii' and otlu'rs reporting unsatisfactory ri'siilts with 
this method. 

Pending the solution of tin* probk'in of inoculation not('d above, 
covered smut has long continued an important hazard in barley 
(uilture in the United Stall's. Annual lossi's estimated at 3 million to 
more than 5^ million bushi'ls are not infri'qiK'iit. In individual fii'lds, 
30 to 50 percent of coverinl smut has Ix'i'ii reported.*^ It is therefori' 
evident that the natural method of si'cd inoculation, whatevei’ it 
may be, is highly effective. 

EXPERIMENTAL RESULTS 

LOCATION OF INOCULUM ON NATURALLY INOCULATED SEED 

Procedure in the present investigation was influenced by the out- 
standing reports of Zade (52, 53) and Gage (15) on the seedling- 
infecting smuts of oats. As with the covered smut of barley, it had 
long been considered that spores of the oat smuts remained dormant 
after reaching the seed and that germination of the spores did not 
take place until the seed was sown and began to germinate. Zade 
discovered, however, that in the floral-inoculating loose smut of oats, 
the spores normally begin to germinate soon after reaching the flowers 
and that mycelium from the spores constitutes an effective subhull 
inoculum that is accountable for most of the infection of seedlings 
and subsequent smutting of heads. Later Gage found that, with both 
loose and covered smuts of oats, spores that reach the seed may 

3 United States Bureau of Plant Industry, estimate of crop losses due to plant diseases. 
1917. U. S. Bur. Plant IndiLs., Plant Dis. Bui. 2: 1-18. 1918. [Mimeograidied.] 

crop losses from plant diseases in the united states. 1918-38. U. S. Bur. Plant Indus. 

Plant Dis. Rptr. Sup. 6: 186-213, 1919. 12: 307-332, 1920. 18: 317-338, 1921. 24: 48^610, 1922. 30: 462-490 
1923. 36: 318-348, 1924. 43: 381-410, 1926. 49: 382-412. 1926. 66: 394-423, 1927. 64: 370-399, 1928. 83: 1-68 
1932. 87: P82, 1936. 89: 1-46, 1936. 94: 1-76, 1936. 100: 48-79, 1937. 108: 96-131, 1938. [Mimeographed. 
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gorminatc not only during tho blossoming period but also during the 
maturing period and even when the seed is in storage. Although 
differing with Zade in some details, Gage also found that inoculum 
beneath the hulls was largcOy rc'sponsible for most of th(‘ infection of 
seedlings and the subscHjiuuit smutting of lu'ads. It sejmKMl likely, 
th(‘refore, that lik(‘wis(‘ in barl(*y the most ( ifeetive inoculum of covered 
smut, under natural conditions of inoculation, might b(‘ that wdiich 
l)(H*am(‘ lodged under th(' hulls of the s(*ed. To d(‘termin(' wh(»th('r 
this might occur, six hulled varieties of barl(‘y naturally inoculat(*d 
with covered smut wen^ studied. Tlu'se barleys had been coll(*cted 
in Kansas, Maryland, Pennsylvania, Washington, and Wisconsin, 
from fields heavily infested with (‘-overed smut; all the fields, except 
that in Wis(*onsin, were practically iwo of loost' smut. Aftc'r being 
thr(‘shed and tlaai stored in th(^ growers’ bins until tlie following late* 
Febi-uary or March, the seed was sent to the writer. During th(‘ 2 
w(M‘ks p!-(‘C(‘(ling sowing, th(‘ Imlls w^cre carefully removed from some 
of th(‘ seed of each variety witli the aid of a scalp('l. 

Th(' expi'riim'nf was dc^sigmal also to Ihrow^ light on two redated 
phase's. (1) vSince the copper carbonate' see'el tre*atment fre'.epie'ntly 
lias be'C'Ji slieiwui to be inenective in the control of l)arl(‘y covereel smut 
a lie! the reasems feir this have not been clearly iinderstooel, both normal 
and (le'hulle'd see'el of the various lots were dusted with coppe'r carbon- 
ate' to ele'termine' the' possible reile of the hulls in prote'e'ting inoculum 
that might be' carrieMl beneath the'in. (2) In some' previous stuelie's 
w’itii oats, (le'hulling the se'enl has bex'ii employeel to eh't ermine' not only 
tlH> seed parts that harbor inoculum but also the approximates pre)- 
jjortions of e'ffective inoculum borne by the' caryopsis anel by the hulls. 
The' writer ( 41 ) previously lias shown that at least with e)ats this 
method is not resliable'. The perce'ntage's of smutted plants from 
normal anel dehulled seed maintain no consistent re'lation unde'r 
elilferent envireminental conditions of see'ding and plant growth. In 
order to delermine whether this also might hold true with bark'y for 
covered smut, nomial and dehulleel seeel, untreate'el or treate'd with 
copper car])onate, was sown at diflerent times in the fiedd and gre'cn- 
house at the Arlingtem Expeudment Farm, Arlington, Va., and in the 
field at Ithaca, N. Y. (Cemiell Univtu'sitv) . The results are presented 
in table 1 . 

It will be noted in table 1 that: (1) Plants freun the dehulled seed 
showed, on an average, approximately three-fourths as much smut 
(24.9 percent) as the plants from seed with the hulls on (33.5 percent). 
This is evidence of the occurrence of subhull inoculum in seed lots 
from eastern, western, and central areas of the country and of the 
high degree of effectiveness of this inoculum under various field and 
greenhouse conditions; (2) the copper carbonate seed treatment com- 
pletelv controlled covered smut when applied to dehulled seed but 
not wlien applied to seed with hulls on. Tlie frecjuently noted ineffec- 
tiveness of the copper carbonate seed treatment against barley covered 
smut thus would seem to be due to the fact that, in nature, inoculum 
may occur beneath the hulls and the hulls may protect this inoculum 
to some extent from the lethal action of the disinfectant. 
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Ay Portion of a pericarp of Colsess barley (seed lot 2, table 1) from a field heavily 
infested with covered smut (X 210). By Portion of the same pericarp, showing 
the ramifying, septate mycelium ( X 940^. C, Another part of the same pericarp; 
the septate mycelium appears to have emanated from the covered smut spore 
indicated by arrow (X 940). 
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A further analysis of the data of table 1 shows that the reduction 
in smutted heads resulting from dehulling the seed varied widely in the 
different lots sown under similar conditions and also in the individual 
lots sown under the different conditions of field and greenhouse. In 
5 of the 12 tests, dehulling resulted not in a reduction but in an in- 
crease of covered smut. It seems evident, therefore, that in barley, as 
in oats, removal of the hulls from naturally inoculated seed does more 
than merely eliminate the inoculum that may bo carried by the hulls. 
Evidently the hulls also exert some influence in tempering the envi- 
lonmental conditions surrounding the caryopsis, and their removal 
may lead to conditions that promote a greater or a lessened effective- 
ness in infection from the portion of inoculum that remains with the 
caryopsis. The amount of reduction in smut plants or heads result- 
ing from removal of the hulls, therefore, cannot be used reliably to 
imlicate the ])roportion of the inoculum (‘arried by the hulls. 

MICROSCOPIC STUDIES OF INOCULUM RESIDING WITH THE PERICARPS OF 
NATURALLY INOCULATED SEED 

In a. microscopic study of seeds from the various lots noted in table 
1, covered smut spores and an abundance of septate mycelium of a 
definite type commonly were found with the pericarps of the caryopses 
(pi. 1 , A and B). In several instances the characteristic mycelium was 
found emanating from covered smut spores (pi. 1, C). Presumably, 
therefore, the commonly observed mycelium was that of Ustilayo 
hordei. The high percentages of smutted plants so freciuently ob- 
tained from dehulled seed (table 1) also indicate that the lieavy 
load of pericarp inoculum was that of U. hordei. 

CONCLUSIONS RASED ON STUDIES OF NATURALLY INOCULATED SEED 

The foregoing results failed to substantiate the long-held belief that 
spores on the surface of seed constitute the prime source of infection. 
It would apjiear, instead, that inoculum, in the form of spores and 
mycelium from genninated spores, on and in the pericarp of the 
caryopsis, accounts for most of the covered smut in plants from seed 
lots grown, handled, and stored under farm conditions. This appar- 
ently explains one of the perplexing angles of the problem previously 
noted (p. 788), i. e., the fre<|uent heavy outbreaks of covered smut in 
crops from naturally inoculated seed on which inoculum is not macro- 
scopically visible and the infrequent occurrence of smut in croyis from 
seed artificially blackened with millions of spores. Inoculum lying 
beneath the hulls, close to the embryo and having unobstructed 
access to it, manifestly might be expected to be far more effective 
than inoculum on the outside of the hulls. In fact, it has recently been 
discovered that the position of inoculum on the seed is related not 
only to the speed and degree of seedling infection before emergence, 
but also to the influence of environment after emergence on the sever- 
ity of both covered smut in barley and loose smut in oats ( 44 ^ ^5). 
The foregoing results probably also explain the effectiveness of the 
spore-suspension method of inoculating seed barley with covered smut 
( 40 ). According to this method, spores are washed beneath the hulls 
and the inoculated seed then is stored in a moistened condition for 
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24 hours to pemiit the spores to gerniiiiate. The inetliod tluis simu- 
lates the effective natural method of initiating infection through inoc- 
ulation of the caryopsis. It is noteworthy that Jensen (23), Tisdale 
(47), Faris (J2), Briggs (6*), Johnston (2*5), and Aamodt and Johnston 
(/) likewise have reported good infection through inoculation of the 
caryopsis by dusting with spores after the hulls had been removed. 
The practical difficulties in removing the hulls, however, have pre- 
vented a wider use of this effective method. 

DIFFERENT TYPES OF EMERGENCE OF COVERED SMUT HEADS AND THEIR RELATION 
TO SPORE DISSEMINATION AND SEED INOCULATION 

In view of the foregoing results, observations were made on the type 
of emergence of smutted heads, and experiments were undertaken to 
determine, under field conditions at Arlington farm, how soon after 
heading the dissemination of spores and inoculation of seed begins, 
how long it continues, and its relative importance in different periods 
of seed development and in threshing. Also, the influence of differ- 
ent conditions during storage on the germination of seed-borne sjiores 
and on the effectiveness of different seed treatments throughout tin' 
various phases of the host-pathogen association were studied. 

In regard to spore dissemination and seed iTuiculation in nature, a 
factor siiould be noted that may have a material influence on these 
processes. Apparently it has not been previously reported that there 
are different types of covered smut heads in respect to emergence'. 
For example, wlien Odessa (C. J.‘ 934) spring barley was grown in a 
greenliouse from seed inoculated with the writer’s i)hysi()l()gic race' 
4 ( 43 ) j the smutted heads failed to reach the auricles of the flag leaf. 
They emerged laterally and usually remained partly sheathed as 
shown in figure 1, A. However, when Odessa was similarly grown 
from seed inoculated with physiologic race 1 , the smutted heads 
emerged completely above the boot (fig. 1, C). In addition to the race 
of smut, the variety of barley and the growing conditions apparently 
also may be concerned. All of the plants shown in figure 2, for ex- 
ample, were grown from seed similarly inoculated with spores from a 
single purified collection (collection 13, race 6). The winter barleys 
Alaska (C. I. 4106) and Nobarb (C. I. 6120) produced exserted smut 
heads, but the spring variety White Smyrna (C. I. 910) produced the 
low, semienclosed type. These three barleys were grown in adjacent 
rows under winter conditions at Arlington farm. When the Alaska 
plants were grown under greenhouse conditions, however, they pro- 
duced semienclosed smut heads. 

In the following studies on dissemination of inoculum and inocula- 
tion of seed, the exserted type of covered smut head was principally 
concerned. Based on observations to date, this seems to be the pre- 
vailing type in the standard winter barleys growm in the field at Arling- 
ton farm. It would seem likely that the greater exposure of exserted 
heads to wind and rain and to contact with the awns and barbs of 
normal heads would result in an earlier and more complete dissemina- 
tion of spores before threshing than would the protected position of 

« C. I. refers to accession number of Division of Cereal Crops and Diseases, formerly OfQce of Cereal In- 
vestigations. 
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smutted heads tliat are more or loss enclosed. Therefore the local 
prevailing type of both smutted heads and weather conditions may be 
roiicoriied in various degrees in the time and manner of spore dis- 



ticiuRE 1. — Influence of different physiologic races of covered smut on type of 
smut heads in Odessa barley. A, Low, semienelosed smut heads; seed inocu- 
lated with spores of race 4. B, Normal head. C, High, exserted smut heads; 
seed inoculated with spores of race 1. 

semination and seed inoculation. This is a possibility that doubtless 
should be considered in applying the present results to the wide 
variety of conditions under which barley is grown. 




June 15, 1940 Studies ()7h the Natuiol Inoculation oj Seed Barley 795 


III the lighf of the foregoing data, it is of interest to note that, in 
the literature also, the descriptions ol covered smut heads frequently 
indicate that different tyjios were being described, at least with 
respect to persistence of the smut-enclosing membrane and dissemina- 
tion of spores. Frecjuently it is stated that the spores of barley 
covered smut are mostly or entirely confined to the heads by mem- 
branes that persist until the crop is threshed (5, 10, 19, 20, 22\ 27, 34, 
3f), 37), But (jiissow and Conners (16) note that covered smut in 
the field ‘hnay bo mistaken for loose smut, which it resembles at 
times rather (closely.’' likewise, according to Clinton (.9), the 
general appearance of loose and covered smuts- 

is such as to lead one to siippose them to be the same, siiK^e they both oc(‘iir as 
(lusty outbreaks which more or less completely destroy the flower parts: [however, 
the covered smut] lias these outbreaks jirotected by a membrane which thus 
more permanently holds the spores together. 

Kclleruian and Swingle (26) note that — 

the covered barley smut differs from all the other loose smuts in that the attacked 
panicle is not at once converted into a powxiery mass by the escape cjf the smut, 
but the smut remains more or less C(jmpletely enclosed by a membrane jthatj 
keeps the smut intact for some time and finally allows it to escape through rents 
and fissures in the membrane. 

DISSEMINATION OF COVERED SMUT IN WINTER BARLEYS AT ARLINGTON FARM 

The writer's observations on covered smut in the standard varieties 
of winter barley grown in the field at the Arlington Experiment Farm 
confirm those of Kellerman and Swingle noted above. A few 
days after the smutted heads emerge, the membranes of the sori begin 
to develop rents and fissures. The spore masses thus exposed become 
dry and pow’dery, and spores may be readily blown, washed, or 
otlierwise carried to healthy heads (fig. 3). Moreover, as the plants 
and normal heads become dry and brittle w ith maturity, the smutted 
heads likewise undergo a process of ripening and become dry and 
spongy. Further splitting of peridia and dispersal of spores accom- 
panies this i>rocess (fig. 4). The disintegration of sori and the dis- 
semination of spores also are promoted by the moving contact of 
smutted and healtliy heads as they wave in the breezes during tlie 
period from heading to cutting. The barbs of rough-awn barleys are 
especially effective in shredding tlie spore-enclosing membranes. 
Disintegration of covered smut heads in a plot of ripened, standing 
Wisconsin Winter barley at Arlington farm in 193fi is shown in figure 
5, A. It is evident tpat much of the covered smut w^as disseminated 
before this grain was cut. In cutting, binding, and shocking the 
grain, a further dissemination of spores doubtless occurred. Finally, 
conditions in the shock that accompany curing and drying, at least 
at Arlington fami, increase further the fragility of peridia and powderi- 
ness of the smut. A representative sample of covered smut heads 


Explanatory legend for figure 2 

Figure 2. — Influence of environment (A and B) and of different varieties {B, C, 
and D) on type of covered smut heads. A, Alaska winter barley grown in a 
greenhouse; smut heads low. B, Alaska grown in the field, smut heads high. 
C, White Smyrna spring barley grown in the field; smut heads low. D, Nobarb 
winter barley grown in the field; smut heads high. A, B, C, and D were grown 
from seed similarly inoculated with spores from a single purified collection of 
covered smut; B, C, and D were grown in adjacent rows under winter conditions. 
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taken from a shock of Wisconsin Winter barley at Arlington farm 
shortly before threshing in July 1935 is shown in figure 5, B. It is 



Figure 3. — Healthy head; B, two covered smut heads; C, loose smut head of 
Wisconsin Winter barley, showing comparative extent of disintegration in 
covered smut and loose smut heads toward the close of the bloom period of 
healthy heads in May 1936 at Arlington farm. The enclosing membranes of 
the covered smut heads already had broken at that time. 

apparent that under the conditions that prevailed, much of the 
smut-head disintegration, spore dissemination, and seed inoculation 
has preceded threshing. 
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In view of the fact that some of the covered smut heads resembled 
those infected with loose smut, it should be noted that especial care 
was taken to make sure that oidy covered smut was present. The 
crop from which thes(> smutted heads were collected had been grown 
from seed trciated with formaldehyde solution. After treatment, the 
seed was divided into 2 parts. One ])art was dusbal with spores of 
J stilayo hordei; the other was not inoculated. Both parts were sown 
in the fall of 1934. The uninoculated seed produced a smut-free crop. 
The plants from inoculated seed produced 13 percent of covercal smut 
lu*ads. From this smutted crop, the 6 smut heads shown in figure 5, 



Fig HUE 4.- 71, (k)vcred siiiiit lieadts of Han Hiver barley, showing the progress 
of disintegration 2 weeks after emergence in May 1935, at Arlington farm; 

an enlargement of the lower portion of the left liead in /I, showing the rents 
and fissures in the smut-enclosing membranes, which permit the release and 
spread of countless numbers of spores to the developing seed of nearby healthy 
heads. 

B, were collected. Spores from each heail W(‘re microscopically ex- 
amined and were germinated on 2-percent potato-dextros(^ agar. The 
spores were smooth-walled and on germination produced promycclia 
bearing typically 4 lateral sporidia, both characters typical of U, 
hordei. In November 1935, seed of Odessa barley that had been 
treated with a 1 : 320 formaldehyde solution for 2 hours at 20° C. was 
divided into 7 parts. One part was not inoculated; each of the others 
was inoculated with an aqueous suspension of spores from 1 of the 
smut heads. Sown in a greenhouse, the uninoculated seed produced 
a smut-free crop, while each of the inoculated lots produced 20 to 25 
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plants with 90 to 100 percent of smutted heads, all of which showed 
the external typical characters of covered smut. Furtlnu'inore, 
examination of the spores from each of the 6 lots showed that their walls 
were smooth, and on germinating they produced the typical pro- 



mycclium with lateral sporidia. There can be no doubt, therefore, 
that the heads shown in figure 5, B, were infected with true covered 
smut. 

In view. of these data, it seems evident that, at least under the 
weather conditions and with the exserted type of covered smut heads 
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at Arlington farm, a considerable portion of covered smut spores may 
be disseminated not only before the barley is threshed but even before 
the grain is cut. 

EFFECTS OF PERIODS OF SPORE DISSEMINATION AND METHODS OF SEED STORAGE 

In the light of the foregoing observations, a practical question arises 
as to how the severity of covered smut in the next crop is affected by 
spore dissemination in different periods of development of the seed 
barley and of different methods of seed storage. 

Simultaneously with the studies on spore dissemination, experiments 
were conducted to determine the effectiveness of inoculum distributed 
to the seed (1) while still in the heads of standing plants; (2) as a result 
of the cutting, binding, and storage of grain in the shock; and (3) as a 
result of threshing. The influence of some conditions under which 
inoculated seed may l)e stored after threshing was also studied. 
Through this procedure it was possible to trace, step by stej), the in- 
ciqjtion and early developmcuit of th<* host-parasite relation and to 
d(*termine the importance of each step in the ultimate development of 
covered smut. 

In a iireliminary study, covered smut heads (fig. 4) were collected at 
Arlington farm in May 1 935 from field-grown Han River winter barley. 
A few days later, spores sifted from the smutted heads were applied 
means of a small brush, to healthy heads of Cusado (C. 1. 
895) and Han River (C. I. 2163) barleys growing in an isolated smut- 
free plot. The heads thus, inoculated had emerged about 2 wrecks 
previously. At maturity in June, the inoculated heads were placed 
in a desiccator over calcium chloride in order to dry thoroughly and to 
inhibit any further development of the inoculum. After being stored 
in tins manner until the following November, the heads were threshed 
by hand. After threshing, the seed was immediately returned to the 
desiccator except that a portion from each variety was soaked in a 
1 : 320 formaldehyde solution at 20° C. for 1 hour, then washed in 
water and spread in a thin layer to dry. After 3 days this seed was 
sown in a greenhouse, together with the remaining seed from the 
desiccator. A part of th(» latter was treated with copper carbonate^ 
dust (50 p(M-cent copper) immediately before sowing, while another 
part was sown without treatment. The results are presented in 
table 2. 

1'able 2. — Covered srnul resulting from brushing dry spores on Cusado and Ilan 
River barley heads 2 weeks after their emergence at Arlington /arm, and the smut- 
controlling effects of copper carbonate dust and formaldehyde solution wherf, applied 
to seed from the inoculated heads 


Seed treatment 

Heads of Cusado 

Heads of Han River 

Total 

Smutted 

Total 

1 Smutted 

None 

(Copper carbonate dust 

Formaldehyde solution . J 

Numbvr 

123 

119 

1.8 

Percent 
82.9 
73. 1 
18.6 

Number 

120 

131 

119 

Percent 

86.7 

48.9 

7.6 



The data in table 2 show clearly that covered smut spores reaching 
immature barley seed in the heads of standing plants may result in 
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very high infection. Smut was only moderately reduced througli 
treating the seed with copper carbonate and was not completely 
controlled, even after treating the seed for 1 hour with the formalde- 
hyde solution. In view of these facts there can hardly be any doubt 
that some of the inoculum, probably in the form of mycelium from 
germinated spores, got beneath the hulls, where it was protected 
against the lethal action of the disinfectants. 

In a further study of spore dissemination and seed inoculation, 
healthy heads of Wisconsin Winter barley were collected in Jidy 1985 
from a shock immediately before it was threshed. From the same 
shock, the smut heads shown in figure 5 By also were collected. As 
noted previously (p. 79()) only one smut was present in the crop and 
it was definitely identified as Vstilago hordei. Immediately after 
their collection, the healthy heads were placed in a desiircator over 
calcium chloride in order to dry the seed thoroughly and to inhibit 
any further development of inoculum that may have reached it. The 
following day a portion of the threshed seed also was placed in a desic- 
cator immediately after threshing, and another portion, consisting of 
2 bushels of threshed seed, was put in a grain sack and stored in a 
laboratory. After being stored in this manner until the following 
November, each lot was divided into three yiortions and, as in tlu' 
previous test, one was treated with copper carbonate dust (50 iierceni 
copper) and one with formaldehyde solution, while <hc third was left 
untreated. These various lots were then sown in a greenhouse. 1"he 
results are presiuited in table 3. 


Table Relative imporlance. in of spores distribnle^^^^ to seed before and durimj 
threshing on the occurrence of covered smut in Wisconsin Wi'nfer barley, and 
influence of 2 methods of storing threshed inoculated, seed and of treating seed {with 
copper carbonate dust or formaldehyde solution) on the loss from sni ui 


S()ur(f«> of so-tul 


of storiiijf S(‘ed, 
July to NovciiiImt 


Method of irc'MUnfj seed, 
followiiiK storapo 


Shock 


Stored in desiccator over cal- 
cium chloride in laboratory. 


Thre.shing machine 


do. 


Do 


Stored in 2-bushel bag in lab- 
oratory. 


(Untreated-.- 

Copper carbonate 

I Formaldehyde solution. 

Untreated 

CopiHT carbonabi. . . 

I Formaldehyde solution. 

[Untreated . 

Copper carbonate 
[Formaldehyde solution. 


Heads 


Totul 

Smuttcfl 

N'unibn 

Percent 

7 b 

70. 7 

70 

lib. 7 

79 

2. .0 

70 

HI. 4 

72 

r.j.4 

70 

1.4 

77 

90. 9 

73 

39. 7 

74 

2.7 


It will be noted in table 3 that (1) the naturally distributed inoculum 
on tlie seed before threshing resulted in a higli percentage of covered 
smut; (2) the additional inoculum added to the seed in threshing 
effected a further increase of smut; and (3) the storage of threshed 
inoculated seed in bulk in a bag instead of storage in a desiccator 
resulted in an additional increase of smut. As in the preceding 
experiment, copper carbonate treatment of the seed proved ineffective 
in control, and even the 1-hour seed treatment with formaldehyde 
solution failed to give complete control. 
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In view of the definite indications of the preceding experiments on 
spore dissemination, the study was expanded in 1936-37 to include 
tlie complete range over which the pathogen is associated with the 
seed, i. e., from heading through seed development, harvest, thresh- 
ing, and storage to the time of seeding. Seed of two varieties, Han 
River and Wisc.onsin Winter, was treated with formaldehyde solution, 
inoculated with Ustilago hordei by the spore-suspension method (40) y 
and sown in }^o-acre plots at Arlington farm in the fall of 1936. The 
following sjiring the Han River and Wisconsin Winter plots developed 
26.2 and 33.4 percent of covered smut heads, respectively. Normal 
heads in these jdots were collected at random from standing plants 
the day before each crop was cut. Later, heads were collected from 
shocks the day liefore the barley was threshed. In both cases the 
heads, immediately after collection, were placed in desiccators in the 
laboratory. Following threshing, a few hundred threshed seeds were 
immediately placed in a desiccator. Also 2 bushels of threshed seed 
was jdaced in a grain sack and stored in the laboratory near the seed 
in the desiccators. Seed of the various lots was stored as indicated 
from June to October 1936 and then divided in two portions, one of 
which was untreated and the other treated with copper carbonate 
dust (50 percent copper). Immediately thereafter, tlu^ secul was 
uniformly sown in special containers in which soil conditions highly 
favorable to infection were maintained. When the seedlings were 
1 to \% inches above the soil they were transplanted to an outdoor 
plot. The results are presented in table 4. 

Th(* data in table 4 give a vivid picture of how the covered smut 
fungus j)rogressiv(‘ly enhanced its relation with th(‘ host throughout 
the dev(4opm(‘nt, ripening, curing, threshing, and storage of tlu^ l)arl(\y 
seed. The naturally distrihute<l inoculum on tlie seed Ixd'ore cutting 
r(‘sulted in an av('rag(» of J9.5 percent of smutted lu'ads in the two 
varieti('s. The inoculum added to tin' seed as a rc'sult of cutting and 
shocking the grain raised the av(*i-age to 27.1 percent. Inoculum 
add('d to the seed through final disintegration of tin* smutti'd heads in 
threshing brought th(' av(‘rag(‘ to 50.6 pc'rcent. Finally, storage of 
th(' seed in bulk undcu* prevailing atmospheric conditions (evidently 
furnished the moisture that led to a further increase in th(' load of 
ino(*ulum through germination of the seed-borm* spores and spnuid 
of mycelium, with the result that an average of 71.3 percent of iho 
h(‘ads were’ smutted. The marked increase in smut from storage of 
s(M'd in a bag, as coinpan'd with that stored under very dry conditions 
in a d(‘siccator, confirms the evidtmee of the previous year (table 3) 
that conditions of atmospheric humidity under whicdi th(‘ seed is storcnl 
may have an appreciable influence on the development of inoculum 
borne by the seed and on the severity of smut infection. The ineffec- 
tiveness of the copper carbonate seed treatment throughout the test 
would seem to indicate that in these se(»d lots, as in the naturally 
inoculated lots from other parts of the country that were studied 
earlier (table 1), much of the effective inoculum in the form of spores 
or mycelium from germinated spores had passed beneath the hulls, 
where it was protected from the disinfectant. 
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In view of the fact that seed barley in th(^ United States is harvested 
and stored under a wide range of moisture conditions, the influence of 
dilTerent atmospheric humidities during seed storage on severity and 
control of covered smut was studied further. Th(‘ lot of barley used 
was a hulled variety (Norway, C. 1. 2535), definitely known to harbor 
no naturally deposited smut inoculum. The seed was artificially 
blackened with spores and each of 6 lots (200 seeds per lot) was placed 
in a small wire basket suspended midway within a 1-pint mason jar. 
No water was added to the first jar, and 5, 10, 15, 20, and 25 drops of 
water were placed in the second to sixth jars, respectively. The water 
was deposited within each jar by means of a pipettt* so that none of 
the fluid touched the suspended seed. Immediately thereafter each 
jar was tightly sealed and stored in a 20° C. chamber for 1 month. 
The seed was then removed from the jars, and each of the 6 lots was 
divided into 2 equal parts, 1 of which was left untreated, the other 
treated with copper carbonate dust (50 per(‘ent copper). The seed 
then was sown in a greenhouse The results (table 5) show clearly 
that different degrees of atmospheric moisture to whicJi inoculated 
seed is expos('d in storages may markc'dly influence the incidence of 
covered smut in the succeeding crop and also the eft‘ectiveness of a seed 
disinfectant. Gage (15) has reported similar results with oat smut. 
The fact that copper carbonate failed to (‘ontrol the smut on seed 
stored under more humid conditions would seem to indicate that 
under those conditions the spores germinated in storage and devel- 
oped a mycelium that gr(?w beneath the hulls, wluue it was protected 
from the disinfectant. In the bottles with 20 and 25 drops of water, 
the increasingly heavy growth of mold that developed on the seed in 
storage probably interfer<'d with development of the smut and doubt- 
less accounts for the lower percentages of infection. 

5 . Jncidence of covered smut in Norway barley as influenced by storiny 

seed superficially blackened with spores under different atmospheric humidities for 
1 montfi at 20° arid the influence of the different humidities during storage on 
the effectiveness of the copper carbonate seed treatment applied immediately after 
storage 


Plants from seed Riven indicated treat- 
ment after storage 


Drops of water in storage jar 

None 

("opper carbonate 

Mold on seed at conclusion of 
storage ix^riod 


1’otal 

Smutted 

Total 

Smutted 



plants 

plants 

plants 

plants 



Number 

Percent 

Number 

Percent 


0 - 

92 

60.9 

100 

0 

No visible mold. 

5.. . - - 

84 

69.0 

84 

0 

Do. 

10 .. - 

72 

75.0 

96) 

0 

Do. 

15--- 

80 

87.5 

100 

28.0 

Slight growth of mold. 

20-. - 

92 

82.6 

98 

18.4 

Moderate growth of mold. 

25 . 

76 

36.8 

92 

8.7 

Heavy growth of mold. 


In connection with those results it may be noted that seed treatment 
with copper carbonate dust has not been effective enough to W’ar- 
rant general recommendation. However, in California, according to 
Mackie (32) ^ thorough and repeated dusting of the seed with copper 
carbonate every year appears to eliminate covered smut satisfactorily. 

248373—40 2 
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Under dry conditions of harvest and storage in California, or else- 
where, spores that rcacli the seed possibly may not germinate and the 
inoculum therefore may remain largely confined to the seed surface, 
where it would be susceptible to control with copper carbonate. 

In view of the foregoing findings on spore dissemination and seed 
inoculation, it is evident that, from the time the smutted heads emerge 
to the time the seed is sown, environmental factors and the conditions 
of handling and storing the smutted seed play an important role in the 
incidence of covered smut in the succeeding crop. Through their 
influence on the dissemination of spores and on the germination of 
spores after reaching the seed, environmental factors and handling 
and storage conditions are importantly related to the load of inoculum 
carried by the seed, the position of the inoculum in relation to the 
embryo, and the eflectiveness of seed treatments for control. When 
it is further considered that the incidence of covered smut in barley 
may be markedly influenced by the interaction of various soil condi- 
tions from seeding to emergence {11), by environmental conditions 
after the seedlings have emerged {J^Ji., 4^), and by the various degrees 
of varietal susceptibility to the various physiologic races of the 
covered smut fungus {12, AS), the multiplicity of interacting environ- 
mental and biologic factors concerned in the ultimate incidence of this 
smut in barley becomes apparent. 

DISCUSSION 

As already noted (p. 787), the inoculation of seed barley with 
covered smut has been difficult to understand. Naturally inoculated 
seed frequently has i)roduced heavily smutted crops, while seed artifi- 
cially blackened with millions of spores usually has produced crops 
with a surprisingly low incidence of smut. Tlie factors underlying 
Faris’ {11) exceptional success with the spore-dusting method likewise 
have not been understood. With the facts brought to light in the 
])resent study and with the aid of other data recently found on the 
nature of infection {44, 4^^)i if seems possible now" to explain these 
discrepancies. 

The present study has clearly shown that, in the successful natural 
method of seed inoculation, much of the effective inoculum becomes 
(’stablished beneath the hulls. In the ineffective artificial method, 
how"ever, the inoculum is deposited on the exterior of the hulls. It 
would seem reasonable that inoculum residing on the caiyopsis and 
liaving immediate and unobstructed access to the embryo should be 
able to invade the seedling more rapidly and effectively during its 
subterranean growth than inoculum elsewhere on the hulls. The 
different results from the natural and artificial methods of inoculation 
thus might be ascribed to the position of the inoculum on the seed 
relative to the hulls. As already noted (p. 788), however, certain results 
reported by Paris {11) definitely appear to challenge this hypothesis. 
By applying spores to the surface of Hannchen seed barley with the 
hulls intact, Paris obtained up to 97.8 percent of smutted plants. 
This would appear to be substantial evidence that the hulls were not 
effective barners to infection. However, in the light of a recent dis- 
covery, it now appears that the hulls probably always interfere with 
infection but that their deterrent influence may be masked by a com- 
pensating factor. It has been found, recently, that the incidence of 
covered smut in barley and of loose smut in oats may be markedly 
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influenced by certain environmental conditions after the seedlings 
emerge (4^, 46). For example, the writer (40), inoculated seed by the 
superficial dusting method and also by the spore-suspension method, 
in which the inoculum is deposited beneath the seed hulls as with 
naturally inoculated seed. After the seed had germinated under 
controlled soil conditions favorable to infection, seedlings were trans- 
planted in autumn or winix^r to a field or greenhouse. Field and green- 
lioiise plants from seed inoculated by the spore-suspension method 
produced similar high percentages of smut. 

When seed w^as inoculated by the superficial dusting method, plants 
grown in a greenhouse from emergence to maturity also produced a 
high percentage of smut but plants grown in the field after emergence 
produced only a low^ or appreciably lower percentage of smut. The 
superficial dusting method of inoculation therefore appeared effective 
when the plants were grown in a temperate environment after seedling 
emergence, and less effective or ineffective when the plants were 
grown after emergence under the colder, more rugged conditions to 
which winter grains are exposed in the field at Arlington farm. In the 
experiment of Faris with Hannchen spring barley noted above, suc- 
cess w'itli the superficial dusting method of inoculation likewise was 
linked with a temperate post-emergence environment. In contrast, 
the investigators reporting unsatisfactory results wdth the dusting 
method of seed inoculation grew their plants under field conditions 
(Jf, 3, 6, 33, 25, 32, 36, 47). It is noteworthy also that, in an experi- 
ment with two wunter barleys, Faris {12) obtained no smut whatso- 
ever when spore-dusted seed was germinated under soil conditions 
favorable to infection and the plants w^ere grown in the field from 
seedling emergence in October to maturity the following summer. 
However, when the plants w^ere grown in a greenhouse at 55° to 70° F. 
after emergence, considerable smut developed. 

These results therefore seem to warrant the following conclusions in 
ex])lanation of the difficulties in understanding the inoculation and 
infection of barley by the covered smut: In general, and withi?i 
limits, the incidence of covered smut in plants from naturally inocu- 
lated seed frequently is high because inoculum finds its way beneath 
the hulls under natural conditions of inoculation. Through the ad- 
vantage of yjroximity to the embryo, the pathogen is facilitated in 
establishing a deep-seated infection from seeding to seedling emer- 
gence. For infection of the seedling, therefore, the fungus becomes 
less dependent upon the uncertainty of favorable climatic conditions 
after emergence. When inoculum resides on the surface of seed, as 
happens when seed is ^ artificially dusted with spores, it is evidently 
more difficult for the pathogen quicldy to establish a (leei)-seated 
preemergence infection, owing to the obstructing hulls. Success witli 
this method, then, depends more upon the hazard of a ])eriod of tem- 
perate climatic conditions after the seedlings emerge. In this ac- 
count, it is assumed, of course, that the soil conditions from seeding 
to seedling emergence have been at least somewhat favorable for 
infection. 

From the results of previous studies { 11 , 44 , 4 ^) those of the 
present investigation, the host-parasite relation of barley and the 
covered smut fungus now may be traced from its inception at heading, 
tlirough the ripening, harvesting, threshing, and storage of the seed, 
and from seeding through seedling emergence to maturity {11 , 44, 4^)- 
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This information should serve a practical purpose in breeding for 
resistance to covered smut. It has already served a useful purpose 
in the development of the spore-suspension method of seed inocula- 
tion (4O), a new artificial method patterned after the natural method, 
wliich is practicable and has been highly and consistently effective 
under field and greenhouse conditions of barley culture. 

SUMMARY AND CONCLUSIONS 

A practicable and effective artificial method of inoculating seed 
barley with covered smut has been diligently sought for many years. 
No satisfactory method being available, it has been difficult to deter- 
mine adequately the smut resistance of barley varieties and to breed 
for resistance against the heavy annual toll of covered smut. Years 
of general observation have convincingly established the fact that 
inoculation of seed as it occurs in the usual field culture of barley is 
effective and frequently results in high percentages of smut. The 
object of the present study, therefore, was to determine the factor or 
factors responsible for the effectiveness of the natural method and to 
use the knowledge in developing a successful artificial method. 

It has long been generally considered that, under the natural or 
field conditions of inoculation, spores of barley covered smut are held 
in the smutted heads until threshing and that inoculation comes about 
when the smutted heads are disintegrated in threshing and free spores 
stick to the surface of the seed hulls of barley. The artificial blacken- 
ing of seed with millioiis of spores, however, repeatedly has failed to 
result in good infections. Furthermore, the treatment of naturally 
inoculated seed with certain surface disinfectants usually has failed 
to result in satisfactory control, indicating that the effective inoculum 
is beneath rather than upon the seed hulls. 

Through a study of naturally inoculated seed lots from Eastern, 
Central, and Western vStates it was found that the most effective 
inoculum consisted not of spores upon the seed hulls but of spores and 
of extensive ramifications of mycelium from germinated spores on the 
pericarps of the caryopses beneath the seed hulls. The occurrence of 
this subhull inoculum in nature evidently explains why copper car- 
bonate dust, formaldehyde solution, and some other surface dis- 
infectants of seed barley repeatedly have been reported as being rela- 
tively ineffective in the control of covered smut throughout most of 
the barley-growing areas of the United States. 

In the light of another discovery on the covered smut of barley that 
has been recently reported, it seems possible now to explain also why 
the subhull inoculum of naturally inoculated seed has been generally 
effective and the superficial inoculum of artificially inoculated seed 
generally ineffective. It has been shown that when seed is sown and 
the inoculum is beneath the hulls, the pathogen is frequently able to 
establish such a deep-seated infection of the seedling before it emerges 
that exposure to cold after emergence has relatively little adverse 
influence on infection. When the inoculum resides on the exterior of 
the seed, however, the nature of the infection is such that exposure to 
cold after the seedlings emerge usually promotes a lowered incidence 
of smut. High infections may occur, but they are dependent on the 
hazard of a moderate climatic period of several weeks or more following 
emergepce. 
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In a study of spore dissemination and seed inoculation in the field 
at Arlington Experiment Farm, Arlington, Va., it was found that all 
of the spores of barley covered smut are not held intact in the smutted 
licads until threshing, as has been generally reported. A few days 
after the smutted heads emerge, the membranes that enclose the 
spores begin to split, thus permitting an early dissemination of spores 
and an early inoculation of developing seed in healthy heads. Dis- 
integration of smutted In^ads, dissemination of spores, and inoculation 
of seed continue throughout the development, maturation, curing, 
and drying of the standing and shocked grain, and culminate with tin; 
completion of threshing. 

All of th(‘ spores that reach the seed do not lie dormant on the surface 
of hulls until seeding. Some that are blown, washed, or otherwise 
(‘arried to the seed from heading to threshing time may come to lie 
beneath tlie hulls or send infection hyphae beneath the hulls or both, 
Ijik('.wiae, sporevs that reach the seed during threshing also may send 
infection hyphae beneath the hulls under certain conditions of mois- 
ture during storage. Thus, beginning a few days after the smutted 
heads (unerge and continuing to the time when the seed is sown, the 
pathogen may pursue its course in the subhull region of the seed. 

The relative importance of dissemination of inoculum and seed 
inoculation during different periods of seed development and under 
different conditions of seed storage^ at Arlington farm was ascertained 
in 1935 and 193G. The results of both years were definite and similar 
in their indications that, from heading through ripening, cutting, 
shocking, threshing, and storage, th(^ covered smut fungus progres- 
sively improved both its entrenchment in the subhull region of the 
seed and its relation to infection of the seedling upon seed germination. 

In a further study of storage conditions, progressive increases in the 
atmosplu'ric humiditit's in which inoculated seed was stored resulted 
in progressive increases in the incidence of covered smut, up to the 
point when the growth of mold on the se(>d became appreciable*. 
Also, the coi)p(*r carbonate dust treatment ceased to be effective in 
control when applied to seed stored at the higher humidities. The 
seed was artificially inoculated through blackening the surface with 
spores. 

Two different types of (‘mergence of covered smut heads are de- 
scribed and illustrated. In the one type, the smutted heads fail 
to reach the auricles of the flag leaf and remain half enclosed in the 
boot. In the other type, the smutted heads become fully exserted. 
Tlie latter type chiefly pccurs in the standard winter barleys at Arling- 
ton farm, and it was this type of covered smut that was used in the 
present study. Whether spores are disseminated more rapidly from 
the exserted than from the semienclosed type of covered smut head 
has not been determined. Intermediate and irregular types also have 
been observed. Preliminary studies seem to indicate that the variety 
of barkw, the physiologic race of smut, and the conditions under 
which the plants are grown are factors concerned in the diffi^rent 
types of emergence of the smutted head. 

The recently extended knowledge of factors that condition the 
infection of barley by Ustilago hordei has aided in the development 
of the spore-suspension method of seed inoculation. This is a new 
artificial method, patterned after the natural method, that has proved 
to be highly and consistently effective as well as practicable. 
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FOLIAR DIAGNOSIS OF DIFFERENTIALLY FERTILIZED 
GREENHOUSE TOMATOES WITH AND 
WITHOUT MANURE' 

By Walter Thomas, profeasor of plant nutrition^ and Warren B. Mack, professor 
of vegetable gardening^ Pennsylvania Agricultural Experiment Station 

INTRODUCTION 

The method of foliar diagnosis (4) ^ lias demonstrated that deduc- 
tions drawn solely from observations of the relations between the 
fertilizer applied and the yields are very restricted and may not infre- 
([uently be erroneous (J, 6). 

Such errors result from lack of knowledge of the processes of nutri- 
tion which have determined the yields. To illustrate: A fertilizer 
element may be absorbed and utilized by the plant and yet its appli- 
cation may result in a reduction in yields through its effect on the 
absorption of another element (7, S). In the present experiment, the 
yields alone would have given no indication that the higher yields of 
the manured over the unmanured plots taken as a group were due to 
the higher level of potash nutrition produced by the manure. 

The method of foliar diagnosis has not, thus far, been applied to 
plants of the indeterminate type of growth, such as tomatoes under 
glass. Certain statements, frequently met with in the literature, to 
the effect that artificial conditions in a greenhouse result in obscuring 
or obliterating the specific eflccts of mineral nutrients on leaf develop- 
ment would possibly lead to the conclusion that the method of foliar 
diagnosis fails to show any relationship between the mineral nutrition 
and the development of tlie plant. But, as the results reported herein 
show, such a conclusion would be erroneous. The fallacy lies in the 
failure to recognize the fundamental principle inherent in the method 
of foliar diagnosis, namely, that in the examination of the nutrition of 
morphologically homologous leaves sampled from plants at the same 
time, the values are used in a comparative manner only (^). 

MATERIAL AND METHODS 

DESCRIPTION OF THE BEDS 

A detailed description of the beds and also of tlie method of culture 
of the plants has been given by Alack (/). Each bed is divided into 
2 plots of equal size, 5% feet wide by 8 feet long, with 12 plants in 3 
rows of 4 plants each, lengthwise of the plot. The surface soil is a 
composted clay loam, 14 inches in depth, with a clay loam subsoil. 
The plants in the experiment reported in this paper were selected for 
uniformity and were grown from seed of a Pennsylvania certified strain 
of the Alarglobe variety of tomatoes {Lycopersicurn esculenturn Alill.). 

Each pair of plots in a bed received the same fertilizer treatment, 
but one of them received in addition an annual application of well- 
rotted horse manure just before the fall crop was planted. 

* Received for publication October 30, 1939. Paper No. 929 in the Journal Series of the I’enn.sylvania 
Agricultural E.\[jeriment Station, 
s Italic numbers in parentheses refer to literature (’ited, p. 832. 
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THE FERTILIZER APPLIED 

Tho fertilizer treatments consisted of a single element, combinations 
of two elements, and also of all three elements at the rate of 260.8 gm. 
of sodium nitrate, 625.9 gm. of superphosphate, and 95.2 gm. of 
muriate of potash per plot, equivalent to 41.73 gm. of N, 125.19 gm. 
of P2O5, and 43.1 gm. of K2O. The single applications were equivalent 
to 500 pounds of nitrate of soda, 1,250 pounds of superphosphate, and 
350 pounds of muriate of potash to the acre. Manure was applied at 
the rate of 1 10 pounds per plot, equivalent to 50 tons to the acre. This 
quantity (110 pounds) contained 424.1 gm. of N, 279.4 gm. of P2O5, and 
344.3 gm. of K2O. No in vitro tests of indisputable validity are known 
for determining the availability of the fertilizer elements in immure. In 
the present experiment the availability of the elements could be gauged 
from the results on the plot which received manure only. 

The different treatments are shown in table 1 in wliicli N, P, and K 
designate the amounts of the respective carriers, (2N) twice the 
amount, and (RN) biweekly applications of the standard amount of 
nitrogen throughout the growing period; this was approximately equal 
to 2,086.4 gm. of nitrogen. The letter m indicates manure. The 
plants were watered when necessary by allowing water to run from a 
hose for the same length of time on each plot. Plants were set in the 
beds on March 9. They were trained to upright single stems, and tlie 
stem was cut off at a height of about 7 feet. Fruits were harvested 
wiien well-colored. 

leaf sampling 

Effective sampling from such a relatively small number of plants, 12 
in each plot, presented difficulties, especially when individual dif- 
ferences among plants of a plot were quite marked in certain plots. 
In sampling plants grown under field conditions (4, 5, 6^ 7, d), leaf 

samples were not taken from those plants that deviated considerably 
from the average of the plot. This practice, if adopted in the green- 
house, would have given too small a sample; nor could the customary 
method of sampling plants lengthwise across a plot bo adopted, for by 
carrying out such a system onlv 4 plants would have been available in 
each plot. The compromise adopted was to sample the fifth leaf from 
the base on all plants on a plot at 3 sampling dates, April 5, April 29, 
and May 17, as follows: 

At the first sampling two or three leaflets were taken on one side of 
the midrib of the leaf; at the second sampling, the leaflets opposite 
those removed at the first were selected; and at the third sampling, 
the remaining lateral leaflets and the terminal leaflet were taken 
as a sample. 

Owing to senescence of the fifth leaf on many of tlie poorly nourished 
plants, a fourth sampling was not possible 3 weeks after the third 
samples were taken. In plants of indeterminate type of growth, as in 
this experiment, it would have been possible to have extended the 
observations by using the method of relay sampling described in an 
earlier paper (4). 

ANALYTICAL METHODS 

The preparation of samples and the analytical methods used were 
identical with those described earlier (4) and were such as to give the 
total nitrogen, the total phosphoric acid, and the total potash present 
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in the leaf at the moment of sampling, irrespective of the form in which 
each was present. 


PRESENTATION OF RESULTS 

The plots with their treatments and yields are given in table 1. 

Tlie percentages of nitrogen, phosphoric acid, and potash in the fifth 
leaf from the base, at each (late of sampling are shown in table 2, 
together with the intensities of nutrition an(l the composition of the 
NPK units. These data are shown graphically in the accompanying 
ligurcs. 

Table I . — Plot trmtmvntfi and yvddfi of fruit 


Biol N'o. 


1(»K . 
KIL 
12L _ 
12 H. 
ML 
MK 

KiL 
lOK . 
IHL 
lyii. 
20 L. . 
20 K . 

2H . 
2L . 
4R 

4L .. 

SL.... 


I’niatinent 


N, P2O6, ninl 
K2O eqiiiva- 
Ituit applied to 
wu'h plot 


Synil)ol 


Grams 


Noth! Ilf? 

M uriure 

Sodium nitrate 

Sodium uitrate+manure_- 
Superpbosphate . 
Superi)hosphate-+-manure - 

f Sodium nitrate .. 

iSuperpIuKsphate 

/Sodium nitrate.) 

I Superi)hosi)hateV 

/Sodium nitrate 

iPolassium chloride 

(Sodium nitrate \ 

\ Potassium chloride^”**^”'^ 


41.7:1 


126. 19 


41. 73 
126. 19 


41. 73 
43. 10 


/■Superphosphate 

I Potassium chloride . - - . 
/Superphosphate. --■). 

\ Potassium chloride/*^ 


manure. 


126. 19 
43. 10 


1 Sodium ultra le 

Superphosphate 

Potassium chloride ... . — 

( Sodium nitrate ] 

Superphosphate . ^-fmanure. __ 
Potassium chloridej 

( Sodium nitrate . . . 

Superphosphate 

Potassium chloride 

{ Sodium nitrate — ] 
Superphosphate- . . >+manure. . . 
Potassium chloridej 

! Sodium nitrate 

Superphosphate-.: 

Potassium chloride 

Sodium nitrate ] 

Sui)erphosphate. . . >+manure . . - 
Potassium chloridej 


126. 19 
4:{. 10 


K3. 40 
126. 19 
43. 10 


333. 84 
126. 19 
43. 10 


O 

m 

N 

N+m 

P 

P+m 
} NP 
NP+m 
} NK 
NK-f m 
} PK 
PK+rn 

I NPK 


NPK+m 


f2N)PK 


( 2 N)PK+m 
I (RN)PK 
(KN)PK+m 


Yield of 
fruit 


Pounds 
8S. 1 

113.2 
04. 4 
121.9 
43. 3 
113.5 

:io. 9 


117.9 
96.6 
120. 6 

98.8 
129.3 

113.8 

121.8 


107.3 


116. 6 


104.6 

120.5 
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DISCUSSION OF RESULTS 

THE YIELDS FROM THE RESPECTIVE TREATMENTS 

The order of yields in the unmanured series is not the same as tha t 
of the manured series. In the unmanured series the order in descend- 
ing values is NPK>( 2 N) PK>(RN) PK>PK>NK> nothing> 
N>P>NP; and in the manured series PK+m>N+m>NPK+m> 
(RN)PK+m) [inanure] 

and >NP+mX 2 N) PK+m>] and . In the unman- 
NK+ni I P+m 

ured series the four lowest yielding plots were those that received no 
potash. In the manured series the manure obscured, in general, the 
effects of an element added in the commercial fertilizer. Each ele- 
ment, however, increased the yields over the plot which received 
manure only. The highest yield resulted from the addition of potash 
and phosphate only, to inanure. Increased quantities of nitrate in a 
complete fertilizer resulted in a reduction of yields in both the manured 
and iinmaured plots. 

THE GRAPHS SHOWING THE PERCENTAGES OF N, P2O5. AND K2O AS ORDINATES AND 
DATES OF SAMPLING AS ABSCISSAE 

Plots Without Manure 

The nitrogen graphs (fig. 1 ) show that the nitrogen decreased 
progressively with increasing age of the leaves in all cases. At the 
first date of sampling, the nitrogen content of the leaves was higher in 
plants which received nitrate additions than in those that did not. 
The higher position of the graphs of the former indicates that this 
holds true for the whole cycle except in NP (plot No. 16L) during the 
latter part of the cycle. 

The graphs for nitrogen are the highest and in increasing order in 
the leaves of plants which received twice the unit amount and biweekly 
unit additions of nitrogen, respectively. The fact that yields are in 
descending order the higher the graph, indicates that at the prevailing 
levels of phosphoric acid and potash, the buffer capacity of the plants 
for nitrogen has been exceeded in (RN) PK (plot No. 8 R) and also in 
( 2 N) PK (plot No. 4R). But, beyond this, no relationship exists 
between the position of the nitrogen graphs and the yields from the 
various treatments. 

The course of the graphs for phosphoric acid is abnormal, inasmuch 
as the graphs all slope upward with increasing age of the leaves, 
indicating progressively greater supply relative to demand of phos- 
phoric acid with increasing maturity. The slope is least steep in the 
plot receiving biweeklj additions of nitrogen (plot No. 8 R) which 
shows that greater utilization of phosphoric acid has occurred. These 
facts suggest that nitrogen and phosphoric acid are out of physiologi- 
cal balance (S). The relationship is best considered from the viewpoint 
of the equilibrium between N-P 2 O 5 “K 2 O (pp. 823-826). 

That tliis composted soil is very rich in phosphoric acid is indi- 
cated by the high content of the leaves of the check (nothing) plot 
(No. lOR) even at the first date of sampling. As a result, no rela- 
tionship is apparent between the phosphoric acid content of the leaf 
and its presence in the fertilizer. Because of the greater accumula- 
tion of phosphoric acid with increasing age of the leaf in the lowest 
yielding plots, an inverse relationship of the phosphoric acid content 
of the leaves to yields exists. Moreover, except when accompanied 
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by nitrogen and potash, no relationship exists between the presence 
of phosphoric acid in the fertilizers and the yield. 

The graphs for potash are abnormally low from all unmanured 
treatments. They are far below the nitrogen graphs throughout the 
cycle and even below those of phosphoric acid during the latter 
portion. The addition of potash is, however, reflected in the higher 
positions of the graphs of plants which received muriate. Moreover, 
the two lowest graphs for potash, NP (plot No. IbL) and P (plot 
No. 14L) arc associated with the lowest yielding plots, and are fol- 



t'lGLiuE 1. — Changof during the growtli cycle in the content of N, P20a, and K 2 O 
in the fifth leaf resulting from the different treatments indicated with plot 
numbers in parentheses. Percentage Aalues in terms of the dried foliage are 
given as ordinates, and dates of sampling as abscissae. The three dates of 
sampling (April 5, April 27, and May 29) are indicated by the digits 1, 2, and 3, 
respectively, along the base line. 

lowed in order of yields and percentage of potash by the next two 
lowest yielding plots N (plot No. 12L) and check (plot No. lOR). 
In the unmanured plots there is, therefore, a relationsliip between the 
potash in the leaf anti its presence in the fertilizer, between potash 
in the leaf and tlie yields, and between the presence of potash in the 
fertilizer and the yield. 

The Manured Plots 

The influence of nitrate additions is reflected also in the higher 
positions of the nitrogen graphs of the leaves from plants growing on 
the nitrated plots throughout the cycle. But no relationship exists 
between the height of a graph and the yield. 

As in the unmanured series, no relationship exists between the 
phosphoric acid content of the leaf and its presence in the manure 
and mineral fertilizer. 

At the first date of sampling, the potash content of the leaf is 

243373—40 3 
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liighest in the highest yielding plot PK+m (plot No. 2()R). But 
with this exception and contrary to the findings in the unmaniired 
plots at this date, the influence of the mineral potash additions on 
the potash content of the leaf is masked by the influence of the 
potash in the manure. Thus, the K^O content of the leaf in Nl^-f-m 
(plot No. IflR) is as high as that of NPK+m (plot No. 2L), and 
that of the check (nothing) is much higher than those of (2N) PK + ni 
(plot No. 4L) and of (RN) PK+m (plot No. 8L). But with increas- 
ing maturity of the leaf, the influence of potash in the muriate is 
felt for in general, the graphs of the manured plots containing added 
mineral potash are less steep than of those of the immanured plots 
and as a result, with one exception, end higher. 

Comparison of the Graphs of the Manured and Unmanured Sehjes 

The nitrogen graph of plot lOL wdiich received dressings of manure' 
only coincides with that of the check plot. No. lOR. Furthermon', 
the nitrogen graphs of the manured complete-fertilizer plots (Nos. 4L 
and 8L) differ little from their respective unmanured plots (Nos. 
4R and 8R), and the differences are not very great in P (f)lot Nos. 
14L and 14R) except during the latter part of the cycle. However, 
relatively wide differences exist between the yiehis of the manured 
and the corresponding unmanured plot. In tliese treatments differ- 
ences in the nitrogen content are not the facdor causing differences 
in yields between the manured and its particular unmanured com- 
panion plot. 

Greater differences between the graph of the manured and tlu' 
corresponding unmanured plot are observed in N (plot Nos. 12L and 
12R), NP (plot Nos. 16li and 16R), NK (plot Nos. 18L and 18R), 
and PK (plot Nos. 20L and 20R), in w+ich the gra])h of the higher 
yielding manured plot is higher than that of the corresponding unma- 
nured plot. In these plots, then, yields can be associated with 
differences in nitrogen content of the leaf. 

With one exception, the graphs of phosphoric acid in the manured 
plots are below those of the corresponding unmanured plots. Tin* 
exception is NK + in (plot No. 18R). The hict that manure dressings 
alone (plot No. lOL) have caused a reduction in the phosphoric acid 
<‘ont('nt of the leaf much below that of tin* ciu'ck or nothing plot (No. 
lOR), (5V('n at the first date of sampling, indicates that the seat of this 
inhibition lies in the soil, presumably, as the ri'sult of adsorption. The 
fact that little influence of the manure is observed in PK+m (plot 
No. 20R) throughout the cycle, and that the effect of the manure is 
small in the complete fertilizer plots at th(‘ early period, and is absent 
from NK+m (plot No. 18R) suggests that the forces causing th(‘ 
adsorption have been reduced by the addition of muriate of potash. 
The reduction in the phosphoric acid is associated with highc'r yi('lds 
in the manured plots. But there is no evidence that differences in 
th(‘ content of phosphoric acid of the leaves of plants growing in the 
manured and unmanured plots, respectively, are a causal factor in 
producing the differences in yields. For example, wide differences in 
yields exist bc^tween a manured and its corresponding unmanured 
plot even when their graphs for phosphoric acid lie close togetln'r 
throughout the cycle. 

The position of the lowest potash graphs for the manured plots is 
higher than that of the highest potash graphs for the unmanured 
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plots throughout the whole cyele, and, furthermore, the graph for 
potash of each manured plot is mucli higher than that of the unma- 
nured plot throughout tht‘ whole cycle. The differences, moreover, are 
very much greatiu* than thos(^ hetw(‘en the nitrogen graphs or the 
phosphoric acid graphs of any manured and unmanured pair. These 
facts suggest that with suflicuuitly high Icwels of nitrogen and phos- 
phoric acid, potash is the determining factor that has producred these 
difference's in yields Ix'twee'u the manured and unmanured series. 
This relationship is best shown in the equilibrium between nitrogen, 
phosphoric acid, and potash considered late'r. 


INTENSITIES OF NUTRITION AND EQUILIBRIUM BETWEEN NITROGEN. PHOSPHORIC 
ACID, AND POTASH AT SUCCESSIVE DATES OF SAMPTJNG 

Th(' graphs of figure' 1 just discusse'd show in terms e)f the> percent- 
ages of the' elried feiliage the re'latiemship of supply of a particular 
eleme'nt to de'inanel by the' plant fe)r that element with increasing age 
(d the leaf. They ele) not re'adily shejw, heiwe've'r, the'ir physiological 
re'lationships te) one' anothe'r. 

To show tlu'se' relationsliips fully the' percentage's must be* e*on- 
verted inte) inilligrani-ea|uivale'nt value's, arrangeel in siiedi form as will 
indicate* the e'quilibrium be'tw’ce'U nitrogen. phe)sphe)ric aend, and 
potash at e'ae*h elate of sampling. This has been de)ne' in the maimer 
already eh'seu-ibe'el in e'arlier papers (4, 6*, 7). In table 2, the values 
for A’, y, anel Z in the* last tlire'e* columns represent the milligram- 
e'quivalent value's for nitreigen, phosplioric acid, anel potash, respec- 
tively, expressed us a coinbineel NPK unit (4). This unit is derived 
by finding the proportie)n which each of the milligram-e'quivalent 
value's shown in columns 10, 11, and 12 Ix'ars to the milligram-equiv- 
ale'nt Intal. The* value's thus obtained are multiplied by 100 in oreler 
to avmid fraertional magnitude's. 

The analytical elata obtained on samples collee'tcel e)n April 5 fre)m 
the nothing plot (No. lOR) may be used to illustrate the method of 
e'alculating tlie NlMv-unit. 

Percent N — A/j, -- 3.060; percent P20r.=A/y= 1.871 ; percent K2O 
= A/, --1.495. 

'riien s — A/j, + My -f- A/^ — 7 . 32(), and 

E^= 1,0()0'^/=71.4 X3.9C()=282.744 


E,= 1 X 1.871 = 79.143 

Af 

. £:.= 1 ,000 , = 2 1 .3 X 1 .495 = 3 1 .843 

A;=S=393.730 


Z=100X 


/i; 100 X31.843 


393.730 


■8.087 
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The values 71.811, 20 . 101 , and 8.087 represent the values of the 
NPK unit of the fifth leaf taken April 5 from the check (nothing) 
plot. 

The intensity of nutrition ( 6 *) consists of the sum of the percentages 
of nitrogen, phosphoric acid, and potiph (N + P 2 O 5 +K 2 O) at the 
moment of sampling a leaf and is shown in the fifth column of table 2 . 



OATES OF SAMPLING 

Figure 2. — Intensities of nutrition of the leaves at the three dates of sampling. 

Percentage values of (N-i-P206-i-K20) in the dried foliage as ordinates and 

dates of sampling as abscissae: A, not manured; B, manured. 

The method of foliar diagnosis has demonstrated that a fertilizer 
can be used intelligently only if it is selected with a knowledge of the 
manner in which it will affect the intensity, or the composition of the 
NPK-unit, or both simultaneously. The values for the intensities 
resulting from the various treatments with increasing age of the leaf 
are shown in figure 2 , and the values for the physiological relations — 
the NPK-units — in trilinear coordinates in figures 3 to 6 , inclusive. 

The Intensities of Nutrition 

In all treatments in the manured as well as in the unmanured series, 
except NK+to, Plot No. 18R, where a slight increase occurs in the 
last period, the intensities of nutrition decreased with increasing age 
of the leaf, in spite of the fact that one constituent (phosphoric acid) 
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of these magnitudes increased with increasing maturity of the leaf in 
all cases. This abnormal behavior of phosphoric acid did, however, 
modify the length and steepness of the slopes of figure 2 with increasing 
age of the leaf. This influence was especially noticeable in the un- 
manured plots. At the first date of sampling the lowest values for 
the intensities were associated with plots having the lowest yields, 
namely, P (plot No. 14L), NP (plot No. 16L), and N (plot No. 12L), 
and the highest value but one for the intensity with the treatment 
giving the highest yield, namely, PK+m (plot No. 20R). Further- 
more, the intensity of the higher yielding manured plot was always 
higher than that of its unmanured companion plot. The intensity 
alone is not, however, the deciding factor in determining yields, it 
has been establislied by foliar diagnosis (5, 7) that a low intensity of 
nutrition cannot compensate for a relatively good equilibrium be- 
tween the elements, although a high intensity may compensate for 
a relatively poor equilibrium (J, 7). So too, in the present experiment, 
the relatively low intensity of nutrition of the plot receiving manure 
only (plot No. lOL) resulted in the lowest yields of the manured plots, 
although the NPK equilibrium was relatively good. 

Thk Equilihrium Between Nitrogen, Phosphoric Acid, and Potash 

GENERAL CHAR ACTERISTK’S OF THE GRAPHS 

The influence of the increase of phosphoric acid with increasing 
maturity of the leaves from all treatments, to which reference has 
already been made (p. 818), although affecting the intensities of nutri- 
tion but little, is reflected in the composition of the NPK-units. In 
figures 3 to 6 this is shown by the great displacements towards the right 
base apex representing P 2 Or,= 10b percent with increasing maturity 
of the leaf, and is especially noticeable in the unmanured plots. To 
conserve space in figures 3 to 6 only a part of the triangle, each side 
of which equals 100, is shown. On tht‘ other hand, the graphs of ma- 
nured and unmanured plots alike, with increasing maturity, are dis- 
placed away from the summit of the triangle representing N = 100 per- 
cent, indicating that the values for nitrogen in the N PK-unit decrease 
progressively with increasing age of the leaf. With two exceptions, 
the graphs for potash are displaced away from the apex representing 
K 20=100 percent, indicating a decrease in the potash in the unit with 
increasing age of the leaf. The graph of each manured plot is dis- 
placed towards the left base apex in comparison with the graph of its 
unmanured companion plot, so that not only is the percentage of 
potash in the leaf of the manured plot higher (figure 1) but also its 
proportion relative to nitrogen and phosphoric acid in the NPK-unit 
is higher than that of the unmanured plot: The difference in the values 
for K 2 O in the NPK-unit between any manured and unmanured pair 
is not less than 200 percent at any time. 

Except in one case of manured and unmanured plots the graph of 
each manured plot is shorter than that of the unmanured one. And 
contrary to the relative positions of the nitrogen graphs of a manured 
and the correspondmg unmanured plot in figure I, based on the per- 
centages of nitrogen in the dried material of the leaf, the trilinear 
coordinate graph of a manured plot is always displaced lower in the 
triangle at the first date of sampling than that of the unmanured one, 
indicating that in the former the proportion of nitrogen relative to 
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phosphoric acid and potash is less than in tli(‘ latter. With increas- 
ing age of th(' leaf the displacement of the graph of a inaniired plot 
relative to tliat of th(‘ nnmanured plot becomes less and less and in 



Figure 3.-- -Chanpofc! during the growth cycle in the N-P 2 O 5 KgO equilihrinin 
in the fifth leaf from plants growing on: Ay Plots No. lOH (nothing), No. lOli 
(manure), No. 12 L (N), and No. 12 R (N -f manure); li, i)lots No. J4L (P) and 
No. 14R (P 4 - manure). The composition of the NPK unit j«t the succ'essive. 
dates of sampling, April o, April 27, and May 29, is indicated by the numerals 
1, 2, 3, re.sj)ectively. 

most pairs is rev(Tscd during th(‘ later i)ortion of th(‘ growth cy(‘h‘. 
Accordingly, with increasing maturity th(‘ ndativc^ proportion of nitro- 
gen in the NPK-iinit is higher in the manured than in th(' unmariun'd 


— HgO 



Figure 4. — Changes during the growth cycle in the N- P 2 O 6 -K 2 O equilibrium 
in the fifth leaf from plants growing on:\4, Plots No. 16L (NP) and No. 16R 
(NP + manure); R, blots No. 18L (NK) and 18R (NK -h manure). The 
composition of the NPK unit at the successive dates of sampling, April 5, April 
27, end May 29, is indicated by the numerals 1, 2, 3, respectively. 

plot. Since in figure 1, little difference occurs between the forms 
and positions of the nitrogen graphs of the nothing and manure plots 
(Nos. lOR and lOL) and between (2N) PK and (RN) PK with their 
respective manured plots, the only possible conclusion is that the 
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fertilizor additions havo made the nitrogen in the manure more avail- 
able. This increased availability is masked in plots 4R and 4L and 
also in 8R and 8L by the increased additions of mineral nitrogen. 



FitJUHE T).— C1;hi ges during tlio growtli (\vde in the N P^O.-j-KsO oqiiilihriiim 
in t!u‘ firtli loaf from planiK growing on: .1, Plots No. 20L (PK) and 20R (PK 1 
juanuro); i)lol« No. 2R (NPK) and 2L (NPK + inanuro). Tlio composition 
of tlu' NPK unit at tho succossivo flatos of sampling, April o, A])ril 27, and 
May 21), is indicated by tho numorals 1, 2, 3, r<\s|)octivoly. 


Exce|)t in one case, Nlv and the manured ])lot corresponding (plots 
18L and ISR, lig. 0) the graph of each manured plot is disjjlaced, 
relative to that of the corresponding unmanured one, away from the 



20 25 30 35 40 45 20 25 30 35 40 45 


1^5 

Ficuthe G. — Changes during the growth cycle in the N-P2O5-K2O ecpiilibrium 
in tlie fifth leap from plants growing on: Aj Plots No. 4R ((2N)PK) and 4L 
((2N)PK + manure); R, plots No.'“ 8R ((RN)PK) and 8L ((RN)PK + ma- 
nure). The composition of the NPK unit at the successive dates of sampling, 
April 5, April 27, and May 29, is indicated by the numerals 1, 2, 3, respectively. 

right base apex throughout the cycle, indicating that the proportion 
of phosphoric acid in the NPK-unit has been reduced. In the NPK- 
imits, then, the relationship between phosphoric acid of the manured 
and unman ured plots is not changed from that indicated in figure 1. 
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THE COURSE OF THE TRILINEAR COORDINATE GRAPHS DURING THE GROWTH CYCLE 

111 the plots lOR (nothing) and lOL (manure)^ tlie relatively long and 
steep slope away from the summit (N==100 percent and towards the 
right base apex 100 percent) of the check plot (No. lOR) 

indicates the rapid increase in phosphoric acid with increasing age of 
the leaf. Tliis increase is made at the expense of the nitrogen and 
also of the potash (fig. 3, -d). 

The graph of manure (plot No. lOL) is shorter and is less steep than 
that of the nothing (plot No. lOR) and is displaced relative to it 
away from the right base apex (P205==100 percent) and towards the 
left base apex (K2O=100 percent). 

As compared with the graphs of plots lOR and of lOL, respectively, 
the graphs of the unmanured and manured plots Nos. 12L (N) aiKl 
1211 (N+manure) (fig. 3, A), both of which received nitrate addi- 
tions, are displaced toward the summit of the triangle and further 
away from the right base apex. Tliis displacement indicates that the 
addition of nitrate of soda has resulted in an increase in the relative 
proportions of nitrogen, a reduction in the phosphoric acid, and not 
much change in the respective values for potash. Relative to the 
iinmanured plot, the graph of the manured plot is displaced towards 
the left base apex, further away from the right base apex, and away 
from the summit of the triangle. 

The forms of the graphs of the manured and unmanured plots 
Nos. 14L (P) and 14R (P+manure) (fig. 3, B)^ also Nos. IGL (NP) 
and 16R (NP+manure) (fig. 4, A)y are very similar. The graplis of 
the unmanured plots are characterized by having the longest and 
steepest slopes towards the right base apex and away from the sum- 
mit of any of the graphs, indicating that these treatments which have 
given the lowest yields are associated with the greatest reduction of 
nitrogen in the NPK-unit and with the greatest increase in phos- 
phoric acid during the cycle, but with little change in the already very 
low values for potash. 

The addition of nitrogen to phosphate is reflected in the displace- 
ment of the graph of 16L (fig. 4, A) towards the summit. The addi- 
tion of manure has led to a reduction in the lengths of the graphs and 
in displacements toward the left base apex and away from the right 
base apex. At the first date of sampling, the graphs of the manured 
plots are displaced lower relative to the respective unmanured plots, 
l)ut with increasing age of the leaf the relative displacements become 
less and less and are finally reversed in the latter part of the growth 
cycle. 

Plots 18L (NK) and 18R (NK-fmanure) (fig. 4, B) are the only 
pair in which the graph of the unmanured plot is shorter than that of 
the corresponding manured one, indicating the exception to the 
findings in the other pairs that dressings of manure have reduced the 
relative proportion of phosphoric acid in the NPK-unit. In this pair 
the graph of the manured plot is below that of the unmanured during 
the whole cycle and not merely during the early portion. 

As in other plots without nitrate additions the absence of this 
element is reflected in the positions and elongation of the graphs in 
plot Nos. 20L (PK) and 20R (PK+manure) (fig. 5, A). The graph 
of plot No. 20L is characterized by being nearer to the left base apex 
(K20==100 percent) than any of the manured plots during the whole 
cycle. ' 
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The similarity in lengths and positions of the graphs of the respective 
manured and immanured plots Nos. 2R (NPK) and 2L (NPK+ 
manure) (fig. 5, B)] Nos. 4R ((2N)PK) and 4L ((2N) PK+manure) 
(fig. 6, A)] and Nos. 8R ((RN) PK) and 8L ((RN) PK+manure) 
(fig. fi, B) is an indication that the addition of twice the unit amounts 
of nitrate of soda did not affect appreciably the proportions of nitrogen 
or of phosphric acid or of potash in the NPK-uiiits. The graph of 
plot 8R relative to those of plots 2R and of 4R is shorter and is dis- 
pla(‘ed higher in the triangle, indicating that biweekly additions of the 



Figure 7. — Relative positions of the mean NPK-uiiits of the fifth leaf from plants 
growing on the plots indicated. The mean NPK-iinit represents the center of 
gravity of the respective graphs of figures 3 to 0, inclusive. 

unit quantity of nitrate of soda has resulted in an increase in the 
proportion of nitrogen in the NPK-unit especially during the later 
stages of growth, a reduction in the phosphoric acid, and not much 
change in potash. The graphs of the respective manured plots are 
displaced towards the left base apex, away from the right base apex, 
and are lower in plot 8L throughout the cycle and in plots 2L and 4L 
during the early period. 

The Mean Intensities of Nutrition and the Mean NPK-units in Relation 

TO Yields 

If yields are a measure of the practical results secured by a fertilizer, 
then the foliar diagnosis shows, as we have seen, the course of nutrition 
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with respect to the dominant fertilizer elements wliich determine 
these yields. 

In relating; yields to the foliar diagnosis, it is simpler to consider the 
resultant effects on the nutrition as indicated by values for the 
intensities and NPK-units, respectively, which are the means of the 
values at the different dates of sampling. Wlien this is done the 
NPK-imits can be represented by one point only, of which the absolute 
position on the triangle and the relative position with reference to the 
others are indicated at a glance. 

Table 3 shows the mean of the values given in table 2 for the in- 
tensities and the composition of the NPK-units, respectively, at the 
several dates of sampling, in the case of each fertilizer treatment. 
These values are shown graphically in figure 7. By keening in mind 
the fact that a fertilizer intervenes in the nutrition of a plant to aff(M‘t 
(1) the intensity of nutrition or (2) the composition of the NPK-units, 
or both simultaneously, the data shown in table 3 can be analyzeul 
from the point of view of the effects of the treatments on the mean 
intensity, or on the mean NPK-units, or on both simultaneously, and 
their relationship to the resulting yields. 


Table 3. — -T/ie mean inlcnMties of nuhition, the mean NPK-ai.ifii, and t/ie rirlds of 
fruit on ihe vaiions plots nmirr dijferenl fertilizer treatments 


Plot No. 

'rrwitnient 

Mean 
intensity 
of nutri- 
tion 

Mean comp 

N 

o.sit ion of th( 

P2OS 

> NPK unit 

K2O 

VieM of 
fruit 




Percent 

Percent 

Percent 

Pound* 

]()K 

Nothing . . . - 

G. 422 

G2. 205 

32. 057 


88. 1 

lOL 

Manure 

7. 1G« 

G2. 579 

21.662 

15. 757 

113.2 

12L 

N 

5, 887 

72.711 

21.018 

6. 270 

64.4 

12R 

N f manure — 

7.&38 

69. 921 

10.307 

13. 771 

121.9 

14L. 

1 \....... . 

.5. 7«4 

61. 06^) 

33. 928 

5. tX)2 

43. 3 

HR . 

P+umnure 

G. 576 

(«. 81 1 

21. 126 

15. 065 

113.5 

46L - - 

NP.. . 

.•>. 787 

67. 401 

27. 371 

5.227 

30. 9 

16K 

NP+muuure 

7. m 

67. 242 

18. 525 

14. 232 

117.9 

ISL . 

NK.... . 

5. 801 

74.944 

16.796 

8.258 

95. 6 

ISR 

NK+inanure . .. . 

7.937 

G8. 333 

17.999 

13.666 

120, 5 

2()L - . , . - 

PK _ 

5. 710 

61. 954 

27. 199 

10.844 j 

98.8 

20R 

PK-i-manure 

7. 843 

62. 2G2 

20. 267 

17.470 

129. 3 

2R 

NPK 

G. 103 

71.042 

21. 204 

7.752 

113.8 

2 L . . 

NPK+manure . 

7. 542 

68. 39tl 

14.213 

17.383 

121.8 

4R 

(2N)PK - - 

G. 462 

71.580 

20. 957 

7.461 

107. 3 

4L. - . 

(2Nn’K4-rnanure __ 

7. m 

69. 975 

16. 378 

13. fMO 

115.3 

HR 

(IIN)PK 

G. 767 

1 75. 374 

16. 586 

8. 038 

101. 5 

8 L 

(RN)PK-Mnanure 

7.833 

71. 225 

! 

13.885 

14. 888 

120.5 


THE UNMANITRED PLOTS 

As the result of the abnormal course of phosphoric acid with in- 
creasing age of the leaf no relationship exists between the mean values 
for the intensities and the yields of the unmanured plots. A relation- 
ship exists, however, between the mean values of the respective NPK- 
units and yields. Thus, the two lowest yielding plots NP (plot No. 
16L) and P (plot No. 14L) are displaced the farthest from tlie left 
base apex, followed in order of position by the next lowest yielding 
treatments N (plot No. 12L) and check (plot No. lOR). The relatively 
small quantity of muriate added to each plot is reflected, therefore, 
by an increase in the K 2 O of the NPK unit in the leaves of plants 
growing on the plots which received potash as muriate. With respect 
to the maximum yielding unmanured plots NPK (plot No. 2R) and 
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(2N)PK (plot No. 4R), tlie next lower in order of yields (RN) PK (plot 
No. 8R) and NK (plot No. 18L), have higher nitrogen and lower 
phosphoric acid. The next in descending onJer of yield, PK (plot No. 
20L), lias lower nitrogen and higher phosphoric acid. Of the four 
lowest yielding plots with lower potash, three also have lower values 
for nitrogen and two have higher values for phosphoric acid. 

TWK MANURE!) PLOTS 

The influence of manure in reducing the accumulation of phosphoric 
acid with increasing age of the leaf, to which attention has already 
been called (p. 820), has resulted in a closer relationship between intensi- 
ties and yields than is shown in the unmanured plots. Thus in the 
manured plots the four lowest yielding plots, manure (plot No. IOIj), 
P+m (plot No. 14R), NP+in (plot No. 16R), and (2N)PK t-m 
(plot No. 41) have the lowest mean values for intensities. In these 
manured plots high yields are associated with intensities of 7.54 or 
higher, and relatively low yields with intensities of 7.36 or lower. 
Although relatively high intensities thus are a necessary requisite for 
liigh yields, the determining factor in causing difl’erences in yields 
among high yielding plots, however, must V)e looked for in the dift'er- 
ences in the composition of the NPK-units. The highest yielding 
plot, PK + manun* (plot No. 2()R) has a mean NPK-unit in round 
numbers of 62.2 : 20.3 : 17.5. The next highest yielding plots, 

NPK ) manure (plot No. 2L), N4- manure (plot No. 12R), NK + rna- 
nure (plot No. 18R), and (RN)PK f manure (plot No. 8L) have the 
following composition : 

16.3 13.8 Yield 121.9 pounds. 

14.2 17.4 Yield 121.8 pounds. 

13 9 ito} Pf’'"'''"- 

In these plots with somewhat lower yields than the optimum, the 
values for the nitrogen of the NPK unit are much higher than the 
optimum. This increase in the nitrogen has been made at the ex- 
pense of both the phosphoric acid and potash in the N-P 20 r,~K 2 () 
ecpiilibrium, but principally at the expense of the latter. In the 
lowest yielding of the manured series having too low intensities, two, 
namely, P+m (plot No. 14R) and M (plot lOL), have too low potash 
relative to the optimum, and two, namely, (2N) PK (plot No. 4L) 
and NP (plot No. 16R), in addition to too low potash, have too high 
N and too low P20r,. 

COMPARISON OF THE VALUES FOR THE MEAN INTENSITIES OF NUTRITION AND 
MEAN NPK UNITS OF THE MANURED AND UNMANURED PLOTS 

In comparing the values for the mean intensities of nutrition and 
mean NPK units, it is to be noted that the higher yields of the manured 
over the unmanured plots, whether these received mineral fertilizers 
or not, are associated with higher mean intensities in the former. 
Moreover, as indicated in figure 7, the position of the mean NPK 
units of all the manured plots as a group is displaced relative to that 
of the unmanured plots towards the left base apex, indicating higher 
potash. They are also less scattered over the triangle than are those 
of the unmanured series. These facts indicate that the higher yield- 
ing manured plots as a group have higher mean intensities and a 


12R_. 69.9 

2L 68.4 

ISH 68.3 

8L . 71.2 
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greater relative proportion of potash in the NPK unit than the un- 
manured plots taken as a group. These generalizations hold also for 
the relationship of the mean intensity and the mean NPK unit of a 
particular treatment to that of its unmanured companion plot. 

With one exception, a relationship also exists between the higher 
yields of the manured plots and the lower relative proportion of the 
mean value of the phosphoric acid in each of these plots respectively, 
as compared with the corresponding unmanured plots. But this 
exception may vitiate a casual relationship to yields. Considering 
the intensities and positions on the triangle of the NPK units (fig. 7) 
of the manured and unmanured series as a whole in relation to the 
optimum yielding plot, PK+m (plot No. 20R), the intensities of the 
unmanured series are too low and the positions of all the NPK units 
of the immanured series lie too far from the left base apex, indicating 
too low potash. But beyond these characteristics, the manured and 
unmanured series show no other consistent relationship to yields. 

Thus no consistent relationships relative to the summit (N = 1 00 
percent) of the triangle are observed between the position of the mean 
NPK units of the manured and unmanured plots as a group, or 
between the position of a manured plot and its unmanured companion. 
The proportion of nitrogen in the mean NPK unit, then, shows no 
causal relationship to yields. In fact, the third lowest value for N, 
viz, 62.26 of the highest yielding plot (PK+manure), must be re- 
garded as sufficiently high for optimum yields. Similarly, differences 
in the proportion of phosphoric acid in tlie NPK unit show no con- 
sistent relation to yields. 

SUMMARY 

The method of foliar diagnosis has been applied to plants of the 
indeterminate type of growth, namely, tomatoes {Lycopersiemn escu- 
lentum Mill.) grown under commercial greenhouse conditions. 

The fertilizer treatments consisted of a single element, combinations 
of two elements, and also combinations of all three elements, nitrogen, 
phosphoric acid, and potash, with and without dressings of manure. 
The quantities of phosphoric acid and of potash in the commercial 
fertilizer remained unchanged in all treatments, but the quantity of 
nitrogen was varied in two cases. In the one double the standard 
unit amount was used, and in the other the unit quantity of nitrogen 
was added at biweekly intervals. In all cases the quantities of rotted 
horse manure added to the manured series remained unchanged. 

The fifth leaf from the base of each plant was sampled at three 
different periods during the growth cycle and was analyzed according 
to prescrioed methods. 

The results of the analyses are recorded graphically by two methods, 
one indicating the relation of supply of an element to demand of the 
element by the plant with increasing age of the leaf in terms of per- 
centages of the dried material, and the other by means of two magni- 
tudes representing (1) the intensity of nutrition at the moment of 
sampling a leaf and (2) the physiological relationships between the 
elements also at the moment of sampling. The latter is shown in 
trilinear coordinates by means of a value designated the NPK unit, 
which represents the eguilibrium between N, P2O5, and K2O. 

The order of yields m relation to the fertilizer treatment was not 
the same in the manured and unmanured series, respectively. In the 
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latter the highest yields resulted from the application of a complete 
fertilizer, while in the former from phosjjhate and potash without 
nitrate additions. 

In both manured and unrnanured series increased additions of 
nitrate of soda reduced yields below that from unit additions. The 
reduction in yields in both cases was associated with too high values 
for nitrogen, absolutely in terms of percentages in the dried foliage 
and also its proportion relative to phosphoric acid and potash in the 
composition of the NPK unit — values that exceeded the buffer 
capacity of the plant for this element at the prevailing levels of 
phosphoric acid and potash. 

In the unmanured series the four lowest yielding plots were those 
which did not receive muriate of potash, and the foliar diagnosis 
showed that the leaves from the plants on the two lowest yielding 
plots had the lowest percentages of potash throughout the cycle. 
These plots were followed in order of yields and percentage of potash 
by the two other plots which did not receive any potash. Associated 
with the lowest yields were also the highest values for phosphoric 
acid throughout the cycle. 

The relationships of foliar diagnosis to yields is most readily deter- 
mined from the values representing the intensities of nutrition and 
the NPK units, respectively, and especially to the magnitudes repre- 
senting their respective mean values. 

In the unmanured series, because of far greater accumulation of 
phosphoric acid in some treatments than in others, a relationship 
existed between the intensity and the yield only at the first date of 
sampling. In these unmanured series, tlie highest yielding plots had 
the highest intensities of nutrition, and the lowest yielding the lowest 
intensities throughout the cycle. 

In the unmanured series, the two lowest yielding plots were the 
furthest displaced from the left base apex where K 2 O =100 percent, 
and were followed in position with respect to this apex by the two 
next lowest yielding plots. 

High yields were associated with high values for the intensities of 
nutrition in the manured series and low yields with low values. In 
the manured plots having relatively high values for the intensities of 
nutrition but with yields lower than the optimum, the reduction in 
yields was associated with a much higher value for nitrogen in the 
NPK unit, made at the expense of the potash and also of the phos- 
phoric acid, but principally of the former. 

The lowest yielding plots in the manured series were associated 
not only with relatively low values for the intensities but also with 
too high a proportion of nitrogen in the NPK unit. In addition to 
too low values for nitrogen, in two cases [P+ni] and [manurel the 
values for potash were found to be too low and those for phosphoric 
acid too high; and the two other low-yielding plots in the manured 
series [NP+m] and [(2N)PK+m] the values for phosphoric acid 
were too low. 

The manured series of plots as a group gave higher yields than the 
immanured series and each manured plot had a higher yield than 
the immanured plot receiving a similar application of commercial 
fertilizer. Relative to these facts the foliar diagnosis shows that the 
increased yields of the manured over the unmanured plots as a group 
are associated with higher intensities of nutrition tliroughout the 
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(*ycle, and with a great increase in the potash of the NPK-iinit, but 
with nitrogen and phosphoric acid showing no consistent relationships. 
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EFFECT OF CERTAIN CHEMICAL ATTRIBUTES OF 
VEGETATION ON FOREST INFLAMMABILITY ’ 

By Leon W. Bif.'HARDs ^ 

Cooperalor, Northern Rocky Mountain Forest and Range Experhnenl Station, 
Forest Service, United States Department of Agriculture 

INTRODUCTION 

Forc'st ScM vico administrators and firo-rosc’arcli mon liave long felt 
the ihmhI of information concerning the elTeet of vegetation such as 
shrubs, grasses, and forbs (nongrasslike herbs) on the rate of spread 
of fir(‘s. To date, all knowledge of the subject has been acquired 
empirically in the fi(dd, or deduced from knowledge of fire behavior as 
influenced by the condition of deadwood, duff, etc.'^ It is known that 
th(‘ luxuriant green vc'getation of late spring and early summer do(‘s 
not lend itself to dangerous, fast-spreading fin's, and that the matured 
and naturally cur(*d or dried vegetation of September and OctobiT 
inat(‘rially augments forest inflammability. Beyond this, the' whoh' 
matt('r is one of conjecture. No information is available as to (juan- 
titativ(*. effects of forest undergrowth conditions on rate of fire spread, 
and no nn'thod has been evolved for dc'iermining readily and accu- 
rately whether these conditions at afiy particular time arc* such as 
would retard fire spread. Furthermore, litth* is known as to variation 
in volume of vc'getation from season to season. Consequently, forc'st 
officers rating fire conditions and forecasting the approach of fire 
danger do not know what significance to assign to volume and condi- 
tion of v(*g(*tation. Before fire dange*!* can be properly rated on areas 
b(*aring large* volumes of shrubs, grasses, and forbs, m(*thods must be 
devis(*d for ('valuating these factors with reference to the spread of 
fire and for integrating data on these factors with measurements of 
tlu* factors being utilized in flr(*-dang(*r ratings at the present time* — 
wind V(*locity and moisture content of dead fuels. 

The* probh'in of (*vahiating the effect of AC'getation on rate of firt* 
spread is fundamentally that of determining tlu* heat-energy balaiu'c*. 
that is, the ratio between the total heat energy available and tlu^ 
h(*at recpiired to eliminate the moisture present, in what(*v(*r form. 
If the energy consumed in dissipating the plant moisture and bringing 
about combustion of the veg(*tative material is less than tlu? eiu'rgy 
produc(*d by the combustion, the vegetation accelerates the spread of 
fire*; if greater, the vegetation retards the sy^read. 

The Northern Rocky Mountain Forest and Range Exyieriinent 
Station, which has pioneered in tlu* field of fire-dang(*r rating, began, 
in 1935 , studies of vegetation conditions in order to refine the methods 
of danger rating. The ynirpose of this work is to find measurable 

* Received for publication December 16, 11=39. The research reported here wns conducted at the Priest 

River experimental forest of the Northern Rocky Mountain Forest and Ranpe Experiment Station, u. S. 
Forest Service. T%is station’s field of operations comprises a .small portion of South Dakota, all of Montana, 
northern Idaho, and a portion of eastern Washington. , ■ 

* Associate professor. Montana Slate University, employed during the summer months as a member 
of the Northern Rocky Mountain Forest and Range Experiment Station. 

3 Hawley. L. F. theoretical consider atjons regarding factors which influence forest fires; 
Jour. Forestry 24 : 756-763. 1926. 
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factors that will represent vegetation conditions throughout each 
fire season and to incorporate measurements of these factors into the 
scheme now being used to rate fire danger. The project is divided 
into three phases: Vegetation volume and appearance studies, dealing 
with current and total volume growth and visible physical changes 
that occur in the plants; chemical investigations; and test fires, which 
are essential for determining actual behavior of fires as aATected by 
vegetation volume and condition. The first two phases should (wolve 
a theory or hypothesis susceptible of being proved or disproved by 
the third. The physicochemical variations of certain typical plants 
as revealed by the exploratory work to date are described in this 
report. 

The plants selected as typical of vegetative fuels on open forest 
areas of northern Idaho are: Shrubs, snowbrush (Ceanothus velutmus), 
ninebark (Opulaster pauciflorus) y and willows (Salijr, spp.); grasses, 
downy chess or “ch(>atgrass’’ (Bromus tectorum) and pinegrass (Cala- 
magrostis sp.); forb, firewc^ul {Chamaenerion angustifolium). 

At the beginning of the chemical investigation, in 1935, th(> ])laii 
was to examine the vegetation with respect to moisture and fuel con- 
tent, giving special attention to seasonal variations of both factoi-s. 
It was assumed that the available fuel content could be r(‘present(*d 
by the crude fiber plus the crude fats or ether extractives, that is, the 
resins, waxes, and oils. The crude fats are of special inter(»st because 
of their high inflammability. The crude fiber determinations W(*re 
discontinued in 1936, because they had failed completely to show any 
significant variations corresponding to changes in fire behavior aft('r 
the plants attained their structural growth. To determine more 
(‘xactly the relation between the water content and th(> potential heat 
energy of vegetation, calorific determinations W(‘r(' begun in 1936. 
Moisture content, calorific value, and crude fat content were measured 
throughout the 1936 and 1937 fire seasons in one locality, the environs 
of the Priest River experimental forest in northern Idaho. 

PROCEDURES AND RESULTS 

In all cases, only grcMUi or curing material was collcctcHl ; thoroughly 
cured portions were excluded. Of the shrubs only the leaves were 
used, but of the other plants the entire aerial portions. 

A 500-gm. sample of each species was collected every 10 days 
throughout the summer season. The sampling was always done at 
8 a. m., to reduce the effects of diurnal variations. Samples for mois- 
ture determination were sealed in moisture-proof cans and taken 
directly to the laboratory for weighing. The materials to be used in 
the crude fat and calorific determinations were allowed to diy on wire 
trays in a warm, well-ventilated room, then were ground to a powder 
an (5 passed through a 60-mesh sieve. 

Moisture content was determined by drying the materials in an 
oven at 105® C. until there was no further significant loss of weight. 
Results for the 1937 season are given in table 1. 

A Parr peroxide bomb calorimeter was used satisfactorily in the 
calorific determinations. The size of the particles to which the oven- 
dried vegetation had been reduced insured complete combustion. 
The chemicals were passed through an 80-mesh sieve before use. 
Results for the 1937 season are given in table 2. 
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Total cnido fat was determined by extraction with ether according 
to methods outlined by the Association of Official Agricultural Chem- 
ists.^ Results for the 1937 season arc given in table 3. 

Table 1. — Percent of moistnrc^ in vegetation of open forest areas as determined at 

105^ C. in 1937 


Specie.'-; ^ 

June 

20 

Juno 

30 

July 

10 

July 

20 1 

July 

30 

Aug. 

10 

Aug. 

20 

Aug. 

30 

Sept. 

10 

Snowbru.sb 

215 

212 

191 

177 

165 

146 

131 

120 

112 

Ninebark 

197 

218 

206 

148 

150 

137 

115 

101 

109 

Willows 

230 

235 

183 

162 

156 

137 

123 

120 

113 

Downy chess •’ 

150 

116 

24 

9 






lMiiegra.ss 

182 

176 ‘ 

160 

152 

1 138 

129 

118 

‘107’ 

110 

Fireweed 

426 

341 

305 

290 

I 1 

257 

244 

249 

241 


> All values wore calculated on the basis of oven-dry weight of single samples, checked by 2 or more sinjilar 
determinations made in the course of other phases of this project. 

» The snowbrush sample was composed of leaves of various ages in proportion to those on the plant. For 
ninebark and willows, leaves of the current year only were collected. For downy chess, pinegrass, and fire- 
weed, the entire aerial portion ('current year’s growth) was used. 

3 On July 30 and later no green growth was present. 


Table 2, -Calories per gram, on basis of oven^dry ineight,^ determined on vegetation 
of open forest areas in 1937 


Ninebark 


Firewood . 


)('i('s 

Juno 

20 

June 

30 

July 

10 

July 

20 

July 

30 

Aug. 

10 

Aug. 

a) 

Aug. 

30 

.Sept. 

10 

A vci*' 
ago 

sh 

4, 6(X) 

4. 800 

4.900 

5,000 

5.0(X) 

5, 000 

5, UX) 

.5,200 

5, 200 

4,990 

t 

2 5, fKM) 

4, 500 

4,600 

4,600 

4,7(K) i 

4,800 

i 4,700 

4,600 

4. 7(K) 

4,690 

..... 

4,6(K) 

4, 800 

4. 8fK) 

4,800 

4,700 

4, 700 

4, 700 

4. 700 

4, 800 

4. 730 

hess ^ 

I 4.300 i 

4. 300 

4, 400 

4,300 






4, 330 


! 4,200 ! 

4. m 

4, 100 

3,900 

1' 3.'900 

4. 100 

” 4,000 

3,9tX) 

”3,’800' 

3.990 

1 

[ 4. .300 i 

4, 31K) 

4. 300 

4, 4(K) 

4.400 

4, 400 

4,400 

4,400 

1 4,400 

4, 360 


' All determinations wore computed to an accuracy of 1 calorie per gram, but for Iho sake of comparison 
th(^ figures arc rounded off to the nearest hundro<l. Each tabulated value is the average of 2 determinations 
agreeing within 30 calories. 

^ Probably affected by a sampling error. 

3 On July 30 and later, no green growth was pre,sent. 


Table 3.- Percent of crude fat * in vegetation of open forest areas, 1937 


Species 

June 

20 

June 

30 

July 

10 

July 

20 

July 

.30 

Aue. 

10 

Ang. 

20 

.. 

Aug. 

30 

Snowhrush 

5.3 

7.2 

7. 0 

7.6 

9.2 

12.8 

11.2 

10..^ 

Ninebark... 

* 7.2 

3.7 

5. 7 

5. 5 

6.6 

7 1 

1 6. .5 

6.4 

Willows . 

5.7 

6.4 

6.1 

6.0 

6.0 

0.6 

6.7 

(i. (I 

Downy chess •'* 

2.5 

2. 6 

.3.3 1 

2.2 





Pinegrass 

4.4 

3.4 

4. 1 

3.6 

4.0 

5.2 1 

4.8 

' .5. (1 

Fireweed 

4.0 

4.2 

3.4 { 

! 1 

4.3 

1 

5. 1 

6.0 

5. 5 

5.7 


> Averages of 2 determinations. 

® Possibly affected by a sampling error. 

® On July 30 and later, no green growth was present. 


DISCUSSION 

Before considering the data, it should be pointed out that climati- 
cally the growing season of 1937 at the Priest River experimental 
forest was exceptional. The month of May was the driest recorded 
in 25 years of observation, and both April and June were the wettest 
on record. July precipitation, although not establishing a record, 

* AssfXJiATTON OP Official Agricultural Chemists, official and tentative methods of analysis 
. . . Ed. 2, 417 pp., illus. Washington, D. C. See p. 72. 

243873—40 4 
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was well above average/ and that of August was 31 percent below 
average. 

Plant moisture content undoubtedly plays the major role in the 
influence of vegetation conditions on rate of fire spread, as was sug- 
gested by Hawley’s conclusions. Moisture content varies widely, 
not only seasonally for each species but also on the same date among 
different species growing side by side (table 1). Especially note- 
worthy are the data for downy chess and fireweed. The former, 
which cures very early, was definitely inflammable early in July. 
Collections of downv chess were discontinued after July 20, because 
all gn^en color had disappc'ared and the* sample* plants we*re* elefinlte‘ly 
cureMl. In this state, with only 9 pe*rce*nt of moisture, e*acli gram of 
this cured mate>rial was found capable e)f proelucing 3,900 calories to 
contribute* to the* spreael e)f fire. Fireweeel, in contrast, re‘giste*re*el at 
the end of the season, Septembe*r 10, a moisture* conte*nt of 241 pe*rcent, 
wdiich is highe*r than that of any of the other plants of this group 
when they we*re wettest, and on June* 20 anel 30. With its fuel value of 
nearly 4,400 calories per gram and moisture conte*nt of 241 pe*rcent, 
this plant was capable of producing only 1,300 calories pe*r gram on 
complete combustion. It is cone*civable that, 71 ])erce‘nt of its com- 
position being water, fireweeel continui*s eve*n at the end of the sease)n 
to e'xcrt a retarding efl’ect on the spre*ad of fire. 

Observations on test fires in 1935 and 1930 indicated entire*ly 
different reactions and burning properties for snowbrush, ninebark, 
and willows, although the moisture* conte*nt anel calorific value*s of the 
plants at the time were similar. As had previously been noted by 
trained field observers while on actual fiiTS anel test bui*ns, the willows 
e^xhibited supe*rior fire re*sistance*. At any one time during the* 1937 
se^ason the elifferences in wate*r content of snowbrush, ninebark, and 
willows we^re not large, neve*r as much as 20 percent (table 1). 

This raised the (piestion of the relative tenacity with whi(*h plants 
of different species hold tbeir moisture when subje*cted to fire. The* 
rate of loss of wate^r might, for instance, be significantly influenced by 
the fact that part of the wat(*r content of green plants is colloidally 
bound. Evaporation tests were therefore undertak(*n specifically to 
determine the rate of water loss at moderat(*ly high temperatures. 
On September 10, by using a temperature of 170® C. and w(*ighing 
the samples every half hour, it was found that loss of moisture in tin* 
first 30 minutes amounted to 48 percent of total moisture content for 
freshly picked green leaves of snowbrush, as against 38 percent for 
similar samples of ninebark and only 32 percent for willow. At a 
temperature of 170® C.. morphological differences of the leaves cannot 
account for the differences noted in rate of loss of moisture. What, 
then, are the water-retention forces involved, and how can the energy 
necessary to overcome these forces be measured? An effort is being 
made to extend the present study to include an investigation of the 
nature of the plant juices as a possible partial explanation. 

According to the calorific determinations in table 2, only snowbrush 
and pinegrass varied markedly during the season in total or potential 
heat energy, the former exhibiting a small gain, the latter a mid- 
season dip, a recovery, and then a late-season decline. The mid- 

» The exceptional wetness of April, June, and July offers a possible explanation of some significant results 
of the vegetation volume phase of this study. According to the volume measurements, based on oven>dry 
weight, the plants made 50 percent more tottd growth in 1937 than in either 1935 or 1936, seasons with rainfall 
slightly below the mean. 
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season (Up of iho. pinc'grass probably was du(' to sampling technique, 
which until aft(*r eJuly 30 did not (dirninate the possibility of collecting 
samples from plants that had pn^viously becui clipped. The August 
10 to Scq)temb(U’ 10 data are b(‘li(*v(Hl to indicate the true conclition 
of the species. 

The 000-calorie incnmse noted in snowbrush would seem to be a 
significant gain in available energy that should cause a marked 
differetic(^ in the fire behavior of this plant as the season progressed. 
The concurrent d(‘crease of moisture r(‘pres(uits a further increase 
in available h(‘at energy. For example, 1 gm. of the fresh green plant 
in th(' field on tlune 20 contained 0.08 grn. of water and 0.32 gm. of 
solid mat('rial, representing only 1,400 caloih^s. On September 10, 

1 gm. of this same plant contaiiUHl 0.53 gm. of water and 0.47 gm. 
of solid matt(M*, representing 2.400 caloric's. The increase of 1,000 
calories jx'r gi-ani is jiossibly significant from tin' standpoint of tlie 
fuel ('Tiergy /water (*ontent relation. 

From th(' information available at present, the quantity of energy 
n(‘C(*ssary to rid living veg(‘tation of its waU'i* can be only roughly 
approximated. On the basis of tin* thermal capacity of free water, 
th(‘ luait of va|)orization, and the spc'cific heat of water vapor, it is 
estimated that to dissipate the 0.08 gm. of water containecl in each 
gram of gr(*(*n snowhrusli on June 20 would require approximateh^ 
500 calories. On this same basis, it is estimated that to (]issipat(‘ the 
0.53 gm, of water in the snowbrush on 8('ptemb('i- 10 would require 
roughly 350 calori('s. Wlu'n this decrease from 500 to 350 calories 
is consid('r(‘d in ndation to the concurrent increase of 1,000 calories 
per gram of gr(‘('n veg(*tation, it is obvious that the potcuitial rate of 
spread of fir(‘ througli snowbrush brush fields should be ex])ected to 
incrc'ase b(‘t w('('n Juiu' 20 and Septembcu* 10. 

As a rule* the calorific values of the crude fats are considerably 
higher, and thc'ir ignition temp(*ratures an* measurably lower, than 
thos(* of cellulose*. Any significant change in eitheu* (juantity or 
natun* of tlu'sc* conRtitu(‘nts might readily alter the burning pro- 
perti(*s of tin* plants. Particularly is this the case for snowbrush, 
which has be(*n provided by nature with a liberal covering of oleaginous 
material on the uppei* surface* of the leaf. The crude fat data ob- 
tained in these examinations (see* table 3) an* of interest not only 
because* of the seasonal variations indicateel in the quantity of these 
materials and the* n*lativ(*ly large proport iem e)f the total weight that 
th(*y constitute, but also b(*cause of the differe'nce's and similariti(*s 
evielenced be*twe*e'n specie's. 

To date, no effort' has been made to as('ertain the nature of the 
constituents making up the crude fats. It is conceivable that the 
contiTuied increase in the calorific value of snowbrush after August 
10, despite the crude fat decrease, may be due to a change in the 
nature of the fats. An increase in the hydrocarbon fraction of the 
volatile oils would tend to increase calorific values and also introduce 
an additional danger factor, that of lower ignition temperatures due 
to increased ease of vaporization. Therefore, it would seem advisable 
to include this phase in future considerations. 

CONCLUSIONS 

Quantitative variations in the moisture content of the vegetation 
on this area in the northern Rocky Mountains appear to exert the 
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dominant influence on the fire behavior of the plants through the 
fire season. Moisture content of plants of each of the species studied 
varied widely, and in some cases wide differences in moisture content 
were exhibited by neighboring plants of diflerent species. In all the 
species, a decided decrease in moisture content took place as the 
season advanced; undoubtedly, this decrease is the principal cause of 
increased inflammability. As critical fire conditions develop, factors 
other than total free moisture may gradually assume increased im- 
portance. The tenacity with which a given plant holds its free or 
chemically combined moisture may determine whether it exerts a 
retarding effect, no effect, or an accelerating effect on the rate of 
spread of forest fires. As yet insufficient data are at hand to permit 
any conclusions to be drawn concerning the significance of calorific 
variations. At present it is impossible to estimate, for example, in 
any but the most general way, what effect an increase of 600 calories 
per gram would have on rate of spread. 



THE EFFECT OF ALKALINE DUST DILUENTS ON TOX- 
ICITY OF ROTENONE-BEARING ROOTS AS DETER- 
MINED BY TESTS WITH HOUSEFLIES’ 


By T. C. Allen, assistant professor of economic entomology, and J. W. Brooks, 
assistant in economic entomology, Wisconsin Agricultural Experiment Station ^ 

INTRODUCTION 


Little information appears to be available regarding the effect of 
dust diluents on the toxicity of rotenone-bcaring plant insecticides. 
The knowledge that rotenone is deteriorated by alkalies under labora- 
tory conditions has been reported by Jones and Haller ^ and Takei, 
Miyajima, and Ono.'^ Under field conditions, Walker and Anderson ® 
and others have shown that ro tenon e-bearing roots mixed with alka- 
line dust diluents are not as effective as those diluted with neutral or 
acid carriers. As a result, during the past few years, alkaline diluents 
such as hydrated lime have been discontinued as carriers for rotenone 
bearing insecticides, and substitute carriers such as clay, talc, gypsum, 
sulfur, and many other materials have been recommended. Further 
knowledge of the losses in toxicity of ground rotenone-containing 
roots when associated with highly alkaline materials is of major im- 
portance for the proper preparation of dust insecticides. 

In preliminary reports by the authors ^ the hydrogen-ion potential 
of several rotenone-bearing dust insecticides was given. The pH values 
of these preparations, obtained by the colorimetric, the quinhydrone, 
and the glass electrode methods, showed that dust diluents range 
from pH 4.23, in the case of calcium sulfate, to approximately pH 
12.55, in the case of hydrated lime. Toxicity tests of these dusts on 
cabbageworms indicated that a possible relation existed between tlie 
hydrogen -ion concentration of the dust mixture and its toxicity to 
insects. Since a large percentage of the insecticidal dusts are alkaline 
a detailed study of the effect of alkalinity upon rotenone-bearing 
dusts was made by testing kerosene extracts of the dust mixtures on 
houseflies {Musca doineMica L.). 


MATERIALS AND METHODS 


The materhils used in these studies included a groiij) of dust diluents 
such as are frequently employed in dust insecticides, and three types 
of rotenone-bearing plants. In selecting the dust diluents for testing 
purposes, care was taken to employ representative samples of dusting 
materials which varied widely m hydrogen-ion potential. The rote- 


J Received for publication October 20, 1939. 

* The writers wish to express their api)reciation to Dr, rhurchill Eisenhart for the presentation of the 
statistical data. 

^ Jones, Howard A., and Haller, H. L. the “yellow compounds" resulting from the decompo- 
sition OF ROTENONE IN SOLUTION. Amcr. Chcm. Soc. .Tour. f)3: 2:120-2324. 1931. 

* Takei, Sankichi, Miyajima, Sihriro, and Ono, Minoru. tJRER rotenon, den wirksamen rkstand- 
TEIL DER DERRiaWURZEL. XI. BOTENONHARZ. QUANTITATIVE BKSTIMMUNQ DKS ROTENONS UND DE8 DEGU- 
EUNS IM ROTENONUARZ. Deut. Chcm. Uest^ll. Ber. 66: 1826-1H33. 1933. 

« Walker, Harry O., and Anderson, Lauren D. notes on use of derris and pyretiirum dusts for 
THE CONTROL OF CERTAIN INSECTS ATTACKING CRUCIFEROUS CROPS. Joiir. Econ. Ent. 27: 388-393, illus. 1934. 

* Clark, Noble, compiler, alkaline carriers reduce effectiveness of derris for cabbageworms, 
Wis. Agr. Expt. Sta. Bui. 438: 124. 1937. 

alkaune carriers injure rotenone. Wis. Agr. Expt. Sta. Bui. 443: 47. 1939. 
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none-bearing roots which were mixed with these diluents were obtained 
from three different sources: Derris (Derris eliptica) was an import 
from the Malayan Peninsula; timbo (Lonchocarpus sp.) was obtained 
from Brazil; and barbasco {Lonchocarpus sp.) from Peru. Analyses' 
of these roots showed the derris to contain 5.9 percent of rotenone and 
14.72 percent of total ether extractives; the timbo, 5.0 percent of 
rotenone and 20.3 percent of total ether extractives; and the barbasco, 
4.55 percent of rotenone and 16.0 percent of total ether extractives. 

The diluents chosen for use in the testing varied in respect to botli 
pH value and chemical nature. The dihydrate calcium sulfate and the 
powdered magneisum carbonate were chemically pure products. 
The kaolin, gypsum, talc, and hydrated lime were commercial prod- 
ucts, as was tile 99}^ percent pure dusting sulfur. The tobacco filler, 
also a commercial produ(‘.t, was derived from byproducts of the tobacco 
industry. 

The dusts employed for testing purposes were firepared by mixing 1 
part of the rotenone-bearing root with 9 parts of the diluent. Prepa- 
rations were made with derris, timbo, and barbasco in the same pro- 
portions with each diluent to be tested. The derris samples mixed in 
this manner contained 0.59 percent of rotenone, and 1.47 percent of 
total ether extractives. The timbo dust mixtures contained 0.5 per 
cent of rotenone and 2.03 of total ether extractives, while the barbasco 
mixtures contained 0.45 percent of rotenone and 1 .6 of total ether 
extractives. Replicate tests were conducted witii each of the above 
rotenone-bearing filants. 

Before the toxicity tests, the dust mixtun^s were moistened with dis- 
tilled water, placed in storage at room temperature, and kept there 
without light for 7 days The storage period provided conditions for 
possible deterioration of the dust samples. Replicate unmoistened 
samples used as checks were stored in the dark for a similar period. 

Tlie hydrogen-ion concentration of the various moistened and un- 
moistened dust preparations was determined by the glass electrode 
method. The procedure used in determining the pH values was 
similar to that employed in determining the pH values of soil samples. 
A measured amount of the dust mixture was placed in a vial with a 
definite amount of distilled water. This solution was agitated a fixed 
number of times and allowed to remain in the vial for 1 hour. The 
solution was then poured into the testing cup of the glass electrode 
indicator and the pH value recorded. Three readings were taken 
and the average was recorded as the pH value of the sample. The 
readings were made over a 1-, 3-, 5-, and 7-day period. The dusts 
were then thoroughly dried, repowdered, and passed througli a 
100-mesh screen before being used for testing purposes. 

A modification of CampfidPs settling mist method ® for testing the 
relative toxicity of contact insecticides against houseflies was em- 
ployed in determining the relative toxicity of the various dust prep- 
arations. Five-day-old flies were subjected to a settling mist of 
kerosene containing an extract of the various dusts. The extracts 
were prepared by steeping 10 gm. of the dust in 20 cc. of oil at room 
temperature for 24 hours. The ‘^steepate^^ was then filtered and the 
filtrate tested immediately against the houseflies. For each test, 

1 Determined by John Powell <fe Co. 

* ZSRMUEHLKN, A. E., and Allen, T. C. testing fly sprays, modified procedure in testing 
PETROLS BASE INSECTICIDES BY THE SETTLING MIST METHOD. Soap 12 (6); 105-107, illuS. 1030. 
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2.5 cc. of the filtrate was atomized into the bell jar under 25 pounds 
pressure. The length of the exposure period was 2 minutes. Mor- 
tality records were taken over a period of 3 days. Flies subjected to a 
mist of kerosene and to kerosene extracts of diluents which did not 
contain ro ten on e-bearing plant materials were used as checks. 


RESULTS 

The f)!! values of a number of carriers for insecticidal dusts are 
shown in table 1. These determinations indicate that there is 
considerable variation in reaction among dust carriers. The samples 
of ground rotenone-bearing roots employed in these tests showed 
pH values on the acid side, and all samples were quite similar iii 
reaction although the roots were obtained from widely difl’erent 
sources. 

Moist rotenone-bearing roots both with and without the diluents 
were stored in the absence of light for a period of 7 days. The 
moisture content of these dusts was maintained at approximately 48 
percent by weight through daily additions of water during the storage 
period. The absorption of moisture varied with respect to the 
liygroscopic properties of the diluent under consideration. There 
was considerable change in the pH values of the rotenone-bearing 
roots both with and without the diluent (table 2). 

Under laboratory conditions, moist stored dusts commonly pro- 
duced growth of various micro-organisms. Presumably rapid fer- 
mentation })rocesses occurred in these samples as a result of the pres- 
ence of carbohydrates in the ground roots of the plants. Acidity which 
accompanied fermentation was due no doubt to the formation of 
certain organic acids, such as acetic and malic acid. Sugar determina- 
tions of (lerris, timbo, and barbasco roots showed that sufficient 
carbohydrates were present to account for the rapid fermentation of 
the stored samples. The hydrogen-ion concentration of sterilized 
samples of these roots remained unchanged standing, and no apparent, 
growth of micro-organisms occurred during the storage period. 


Table 1. — The approximate pH values of various dust diluents and rotenone-bearing 
roots as determined by glass electrode indicator 


Material ^ 

pH 

Calcium sulfate 

Clay A 

Pvrethrum flowers 

4.23 
4.30 

4.57 
4.76 
5.(M? 
5. 13 
5.92 
6. 19 

6.23 

6. 35 
6.40 

6. 46 

6. 50 
6.54 

6.57 
6.60 
6.84 

7.50 
7.66 
8.03 
0.45 

Kaolin _ . 

Walnut shell flour 

Clay B.... 

Tobacco dust. . . 

Pyrophyllite ... 

ClayC-- 

Plaster of paris ...... 

ClayD 

Sulfur (flowers) 

Rare rock phosphate .... 

Clay E . . . 

Gypsum A 

Clay F 

Clav G 

Sodium bicarbonate. . 

ClayH 

Clay I 

Distilled water 



Material^ 


Talc A 

Talc B 

Clay J 

Copper carbonate , . . 

TalcC. 

Bentonite 

Infusorial earth 

Calcium carbonate A._- 
Aiiiinonium carbonate.. 

Calcium carbonate B 

Diatomaceous earth.. . 
Magnesium carbonate A. 

Gypsum B 

Sodium carbonate 

Magnesium carbonate B 
Calcium carbonate 0 . . _ 

Tobacco filler 

Hydrated lime.. 

Derris 

TimlK) 

Barbasco — 


pn 


8.24 
8.30 
8. 36 
8. 45 
8.59 
8.64 
8.66 
8. 71 
8.76 
9. 32 


9.78 
9.93 
10.90 
10. 93 
11. 10 
11.80 
12.60 
6.30 
6. 65 
6.67 


1 Symbols represent products of diiferent trade names. 
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Table 2. — Effect of damp storage for 7 days upon the hydrogen-ion concentration of 
va7'ious rotenone-hearing roots with and without dust diluents 


Dust samples » 

1)11 of moist samples after - 

1 hour 

1 day 

3 days 

6 days 

7 days 

Derris 

6.30 

6.16 

5. 05 

5.05 

4.95 

Timbo -- 

6. 55 

5. 65 

4.23 

4.06 

4.08 

Barbasco 

0.57 

5. 91 

4.60 

4. 15 

4. 12 

Derris-calcium sulfate. 

7.50 

7.00 

7.20 

7.04 

6. 90 

Tirnbo-ealcium sulfate 

7.15 

6. 85 

6. 25 

5.31 

5. 20 

Barbasco-calcium sulfate 

6.85 

6. 50 

5.70 

4.24 

4. 12 

Derr is-kaolin 

8.00 

7. 46 

7. 25 

6.32 

6. 28 

T’imbo-kaoliu 

8. 50 

7. 78 

7. 45 

6.40 

,5. 81 

Barbasco-kaoliu 

8. 30 

7. 30 

7. 35 

6. 45 

6. 15 

Derris-sulfur 

6. 60 

6. 35 

5. 82 

5. 38 

5. 10 

Tiinbo-sulfur 

6.56 

5. 77 

4.55 

4.(X) 

3. 82 

Barbasco-.sulfur 

6.60 

5.81 

4.74 

4.35 

4.22 

Derris-gypsum 

6.00 

6. 05 

5. 73 

5. 48 

5. 30 

Timbo-gypsum 

6. 15 

5. 76 

5. 15 

4. 17 

3.98 

Barbasco-gypsurn 

6.17 

5.90 

5.11 

4. 15 

4.05 

Derri.s-talc . i 

8.00 

8.98 

7.60 

7.11 1 

7. 36 

Tim bo-talc. 

9.00 

8.70 

7. 35 

7. 30 I 

6. 92 

Barbasco-talc . 

8.88 

8.20 

7.32 

6. 82 

6. 30 

Derris-magiiesium carbonate. . 

10.20 

10. 05 

10. (H) 

9. 80 

9. 52 

Timbo-magnesiiirn carbonate 

10. 10 

9.80 

9. 78 

9. 45 

9. 23 

Barbasco-magiiGsiuni car)»oriate 

10,00 

9. 75 

9.50 

9. 30 

9. 1 5 

Derris- tobacco filler . 

11.85 

11.85 

11.70 

11.76 1 

11.69 

Timbo-tobacco filler _ 

11.83 

11.81 

11.72 

11.75 

11.78 

Barbasco- tobacco filler 

11.88 

11.75 

11.75 

11.73 

11.72 

Derri.s-hydrated lime 

12. 50 

12.50 

12. 50 

12.50 

12. 47 

"I’imbo-hydrated lime . 

12 . 52 

12.50 

12.48 

12.42 

12. 50 

Barbasco-hydrated lime 

12. 56 

12.61 

12.49 

12.48 

12. 49 


1 9 parts of diluent to 1 part of rotonone-bearing roots. 


Fermentation and consequent formation of acids did not occur in 
the highly alkaline samples. This finding was confirmed in part by 
observations for perceptible growth of microflora, and by pH deter- 
minations, which showed no change during the storage period. The 
acid dust mixtures, however, were a favorable medium for the develop- 
ment of micro-organisms, and in these samples there was a tendency 
for acids to form. From these results it appears that the acid dust 
preparations in which greater activity of micro-organisms occurred, 
tended to retain their toxicity to houseflies. This is contrary to the 
reports of some workers that micro-organisms present in stored derris 
solutions are responsible for the deterioration of the toxic ingredients. 

In some instances, the final dust mixtures (tables 1, 2, and 3) had 
pH values greater than those of either the rotenone-bearing material 
or the diluent. This may be due to some reaction between the diluent 
and the ground root when they are in an aqueous medium. In such 
reactions more hydroxyl-ions may be liberated, giving rise to a more 
alkaline reading. 

To determine approximately the minimum quantity of moisture 
that would bring about a deterioration in the toxicity of the insecti- 
cides, further tests were made. Four representative dust samples 
were dried, three replicates of each sample weighed, placed in a con- 
stant temperature-humidity chamber at 73° F. and 61 percent relative 
humidity, and kept there for 7 days. The samples were then removed 
from the chamber and reweighed to determine the amount of moisture 
absorbed. The moisture content of the different samples ranged 
from 0.3 to 9.7 percent, ^len oil filtrates of these samples were 
tested on houseflies, the alkaline samples showed a deterioration quite 
similar to that of the alkaline samples in table 3, in which the samples 
contained approximately 48 percent of moisture. 
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Table Z.- Percentage kill of houseflies by kerosene extracts of derris, timhoj and 
barhasco dust fnixtures, when tested following a 7 -day period in damp storage 


Rotenone-bearing dust ' 

pH 

Tests 

made 

Flies 

tested 

Flies killed 

Average 

kill 



Number 

Number 

Number 

Percent 

Percent 

Derris-sulfur. 

fi.fiO 

6 

1 274 

273 

99.6 


Tinibo-sulfur„. 

6. 56 

6 

257 

254 

98.8 

99.2 

Harbasco-sulfur. _ 

6. 60 

6 

1 262 

26t) 

99.2 

l)erris-gyi)suin 

(5. (M) 

6 

239 

239 

100. 0 


Timbo-gypsiiTii, . .. . 

0. 15 

6 

265 

260 

98.1 

97.4 

Barbasco-gypsuin . 

6. 17 

6 

26J 

246 

94.2 

Derris- imffer 2 

6.57 

6 

285 

278 

97.6 


Tiinbo-i)uffer 

6. 57 

6 

268 

246 

91.8 

96. 0 

Rarbasco-buffer 2 . 

6. 57 

6 

273 

269 

98. 5 

Derris-calcium sulfate ... 

7. 50 

6 

249 

212 

85. 1 


"I'imbo-calcium sulfate. . 

! 7.15 

6 

240 

226 

94. 1 

90.2 

Barbasco-calcium sulfate - . 

1 6. 85 

6 

269 

246 

91.4 

Derris-talc 

1 8.90 

6 i 

244 

59 

24.1 


Tirn bo-talc . 

9.(K) 

6 ! 

252 

117 

46.4 

34.1 

35. 0 

Rarbasco-talc , 

8.88 

6 

229 

78 


Derris-magnesiurn carbonate . . 

'I'inibo-inagnesiuin carbonate 

10. 20 

6 

233 

46 

19.7 


10. 10 

6 

262 

93 

35. 5 

24. 8 

Rarbasco-magnosium carbonate. .. . ... 

10. (X) 

6 

222 

39 

17.6 


Derrls-tobacco flller. 

11.85 

6 

255 

16 

6.3 


Tiinbo-toba(ico filler 

11.83 

6 

252 

99 

39. 3 

27. 0 

Barbasco- tobacco filler 

11.88 

6 

247 

89 

36. 0 

Derris-bydrated lime. ... 

12.50 

6 

275 

18 

6. 5 


Timbo-hydratod lime 

12.52 

6 

287 

118 

41.1 

25. 2 

Barbasco-hydrated lime 

12. 55 

6 

269 

73 

27.1 


1 )erris-hydrated lime 2 

12. 50 

8 

321 

302 

94.1 


Timbo-hydrated lime a 

12. 52 

8 

343 

324 

94. 1 

93. 2 

Barbasco-hydrated lime 3... 

12.55 

8 

339 

:409 

91.1 


Check 



17 

644 

22 

3.4 

3.4 


> 9 parts of diluent to 1 part of rotenone-bearing roots. 

« The buffer was made from M/20 solution of potassium acid phthalate and M/IT) solution of potassium 
acid phosphate which were adjusted to idl 4.5. 

“ Unmoistened sample. 

From the results of the relative toxicity tests of kerosene extracts 
of the various dust samples shown in table 3, it is apparent that the 
alkaline dust mixtures talc, magnesium carbonate, tobacco filler, and 
hydrated line when moistened cause significant losses in toxicity of 
rotenone-bearing plants. The fact that timbo retains much of its 
toxicity to houseflies in the higher alkaline ranges may be explained 
bv the presence of a larger percentage of resinous materials in the 
plant sample. This would indicate that rotenone is the major 
ingredient that is deteriorated by the alkalinity of the dust mixtures. 
Marked deterioration was evident in all samples more alkaline than 
pH 7.16. 

In preliminary tests with identical dust samples used on cabbage- 
worms, the addition of sulfur had improved the toxicity of the rote- 
none-bearing dusts. Consequently, sulfur was added to the higlily 
alkaline diluents at the rate of 1 pound of the diluent to 9 pounds of 
sulfur. This mixture was maintained at approximately 48 percent 
moisture and stored as previously described. Although these dust 
samples remained alkaline after the addition of sulfur, they showed 
practically no loss in toxicity when tested on houseflies (table 4). 
Oil filtrates of a dust containing only sulfur and the diluent exhibited 
almost no toxicity to houseflies. 

The entries in tables 3 and 4 that show the percentage of flies 
killed (columns 6 and 7, respectively) are the weighted means of the 
replications in each test. By the substitution of letters for degrees 
of significance, as in tables 5 and 6, a comparison can be made of any 
insecticidal dust with another in the same row of the table. Wliere 
the letters are identical, the two observed * 'percent killed^’ were not 



844 


Journal of Agricultural Research 


Vol. fiO, No. 12 


sufficiently different to be judged significant at the 5-percent level of 
significance. However, if different letters are associated with them, 
it is implied that the difference is significant. This interpretation of 
letters applies only when reading across a row, and these letters cannot 
he used for comparisons within a column of the table. Where two 
letters occur together, the observed percent kill of this dust lay be- 
tween the values found for the dusts having these letters as indices 
and was not significantly different from either. The dusts corre- 
sponding to the italic letters did not give consistent percent kills in 
their subsamples, so that the letter by which they are design a ted/m ay 
be in error in one direction of the other. In the case of the entries 
corresponding to talc in table 5, however, there can be no doubt that 
the talc dusts give significantly lower percent kills than those to the 
left of them in the table, since there is a strong line of demarcation ai 
this f)oint in the pH scale, as can be seen in table 8. 


Table 4. — Percentage kill of homeflieH by keroaene extracU of Derrisy Timho^ and 
Barbasco dust mixtures containing sulfur^ when tested after a 7-day period in 
damp storage 


Rotenone-bearing dust i 

Pll 

1’ests 

made 

Flies 

tested 

Flies killed 

A verage 
kill 

Root 

Diluent 




Number 

Number 

Number 

Percent 

Percent 

Derris 

Magnesium carbonate 

9.00 

0 

252 

237 

94.0 



Tim bo 

do : 

9.07 

6 

2.38 

229 

90.2 


96. 1 

Barbasco 

do . 

9. 17 

0 

241 

2.37 

98. .3 



nerris 

Tobacco filler 

9.0.3 

0 

277 

270 

99.6 


1 

Tim bo 

.. „do 

9.3.3 

6 

270 

208 

9i). 2 


99. 2 

Barbasco 

do 

9. ft; 

0 

27.3 

270 

98.9 



Derris 

Hydrated lime.. 

11.23 

0 

27b 

269 

97.8 



Timbo. 

do.... 

11.40 

0 

2G4 

241 

91.2 

L 

95.3 

Barbasco 

do. . 

11.17 

G 

270 

208 

97. 1 




Sulfur . - 


8 

m 

12 

3. h 

3.5 


C'iheck..- 

1 

11 

.3.54 

11 

3. 1 

3. 1 


1 9 parts of diluent to 1 part of rotenone-bearing roots. 

* ( -ontained sulfur at rate of 9 parts to 1 of diluent by weight. 


The letter has been used here in connection with the check to 
emphasize the great difference between the check and the other entries 
in the table and the similarity of the behavior of the check in all the 
experiments. 

Table 5. — Siatislical significance of data in table 3 ^ 


Significance for diluent indicated > 


Rotenone-bearing 

root 

Sulfur 

Gyp- 

sum 

Buffer 

Cal- 

cium 

sulfate 

Talc 

Mag- 

nesium 

car- 

1 bonate 

To- 
bacco { 
filler 

Hy- 

drated 

lime 

Un- 

moist- 

ened 

hy- 

drated 

lime 

Check 

Derris 

a 

a 

b 

d 

e 

e 

f 

fK 

c 

K 

Timbo --- 

a 

a 

b 

b 

c 

d 

cd 

c 

b 

g 

Barbasco — 

a 

b 

a 

c 

" 1 

r 

1 

d 

e 

c 

K 


1 Computed from original replications from which the data in table 3 were obtained by using the table 
for 1 degree of freedom and the 5-i)ercent level of significance: 


1 






» with 


NiPi-i-NiPi 

ATi+Nj 


See text for significance of letters. 
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Table 6. — Statistical significance of data in table 4 ^ 



1 See footnote 1 , table 
* See text for sij?nifloance of letters. 

SUMMARY 


Diluents used in the preparation of rotenone-bearing dusts sliow a 
wide ran^e in hydrogen-ion potential which is of considerable im- 
portance in the utilization of such materials as plant insecticides. 

Rotenone-bearing dusts prepared from liighly alkaline diluents and 
kept in dtimp storage in the absence of light for a period of 7 days, 
exhibited little or no change in pH, but show^ed considerable loss in 
toxicity when used in kerosene extracts in tests with houseflies. 

Parallel acid dust samples kept under identical storage conditions 
retained their toxicity to the housefly. Dry or unmoistened alkaline 
and acid samples remained unclianged in this respect. 

The addition of sulfur to the alkaline dust mixtures prevented de- 
terioration of the rotenone-bearing dust mixtures under the conditions 
of this experiment. 




THE REPRODUCTIVE EFFICIENCY OF THE ALBINO RAT 
UNDER DIFFERENT BREEDING CONDITIONS* 


By M. J. Babcock, assistant in animal nutrition^ R. Bogart, assistant in animal 
physiology, G. Sperling, research instructor in animal nutrition, and S. A. Asdell, 
professor of animal physiology, department of animal husbandry, New York (Cor- 
nell) Agricultural Experiment Station. 

INTRODUCTION AND REVIEW OF LITERATURE 

The problem of determining the most efficient breeding age for 
animals is an old one, but quantitative data on the subject have been 
obtained only comparatively recently. In 1909 Mumford started a 
thorough study at the Missouri Experiment Station on the growth and 
reproduction of swine under various regimes, which has been continued 
to the present time. McKenzie (11) ^ summarized the results pre- 
viously reported in detail by the other Missouri workers. Table 1 
presents avc^rages from their data. The litters from the sows which 
were bred early and those which were bred at a normal age were 
approximately equal in w(Ught and in number of young. The group 
of sows that were bred late, on the other hand, had much smaller 
litters. TIk'. sows that were br(‘d early (while they were still in the 
growing period) were considerably retarded in growth by the added 
demands of raising their first litters, but they continued to grow 
twice as long as did the others. They therefore reached about the 
same ultimate* size as the sows of the other groups. Carmichael and 
Rice (3) carried out a somewhat different (*xperiment, also with swine, 
and in g(*neral confirmed the Missouri results as far as the growth 
trends were concerned. 

Table The effect of age at which sows were bred upon the weight, mmiber, and 

and vitality of their young ‘ 


Period of sow’s life when bred 

Ago of 
sows 

Birth 
weight 
of young 

'Potal 
litter 
weights 
at birth 

Young 
per inter 
at birth 

Young 

alive 

after 

12 hours 

Young 

weaned 

Mature 
weight 
of sows 

Early in life . _ 

At normal ago . _ 

Late in life 

Dans 
218. 1 

478. 6 

837. 6 

Pounds 
2.30 
2.38 
2. K5 

Pounds 
20.01 
19.86 j 
14.91 

X umber 
8.68 
8. 36 
5. 62 

Number 
6. 62 
7.72 I 
5.06 

Numb 2 r 

4. 42 
6. 36 
4.(K) 

Pounds 

415.3 
401.0 

384.4 


• Data from MiSwSouri Agricultural ExiH^rimoiit Station Research Bulletin lls, tables 1 and 3 (for mature 
weight of sows) . 


With dairy cattle, early breeding has the special advantage of 
bringing the heifer into milk production sooner, in addition to the 
value of the calf produced. The Missouri workers, Eckles and Sweet 
(^), demonstrated, however, that lactation markedly retards growth, 
as measured by weight and skeletal size. Thev found that if lactation 
occurs early the mature size of the animal will be affected. 

» Received for publication December 11, 1939. These studies were supported in part by a grant from 
Bankhoad-Jones project 14, and in part, by a grant from the Rockefeller Grant for Research in Longevity, 
s Italic numbers in parentheses refer to Literature Cited, p. 852. 
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For sheep, Briggs {2) found that ewes bred at their first season had 
a slower growth rate than ewes bred later, but that they reached the 
same ultimate size. They also produced rather more than half a lamb 
extra, but more dental defects became apparent as they grew older. 

The work of Bogart et al. {!) with rats has shown quite definitely 
that pregnancy exerts a strong stimulus on growth while lactation as 
definitely retards growth. Slonaker (14) and Cole and Hart (4) have 
obtained similar results using somewhat different methods. It may 
be noted here that none of the work quoted has shown the existence 
of the pregnancy stimulus in the domestic animals. This may possibly 
be owing to the fact that other conciitions in these experiments were 
not kept as uniform as they have been in the rat (experiments. Another 
possibility is that the pregnancy stimulus can only make itself felt 
when the potentiality for growth is still fairly great. The rat seems to 
be peculiar in that it retains growth poUuitialities until quite late in 
life (10), The writfers have obtained the pregnancy growth stimulus 
ev(m in rats bred at 280 days (the normal bn^eding age is about 100 
days, and puberty about 65 days). 

Other factors of importance in the over-all efficiency of l)r(MHling 
animals are the number of young produced at a time and the interval 
between their production. This has rarely b(H>n investigated in dom(^s- 
tic animals as it means that the animals have to be kept for their whole 
lilfetime whether th(\y are economically efficient or not. Most of the 
reports which have been made on the subject have grouped animals, 
such as early, nonnal, or late breeders, according to their behavior. 
This method of grouping does not tell which is the best regime to 
follow since an individual falls into its chuss because it is unable to do 
otherwise. It t(dls what happens as a rule, but not what should b(' 
encouraged to happen in order that the b(‘st results may be obtained. 

The writers made a study of the effects of various reproductive 
n^gimes on albino rats to determine which one should be followed in 
order to get the optimum breeding rc^sults. Rats were used because* 
they have a much shorter and more prolific life than the domestic 
animals. The data in the present paper are a part of the information 
collected in th('. study. 

EXPERIMENTAL PROCEDURE 

Four groups of 50 female albino rats each W(*re us(*d to t(‘st tin* 
differences in the over-all reproductive efficiency of the various breed- 
ing regimes. The rats were all born about the same time. The divi- 
sion into groups was made at random, except that litter mates were 
put into different groups. The groups were bred as follows: 

Group 1 was bred as early as the rats would breed and is referred to 
as the bred-early group. 

Group 2 was bred at the normal breeding age (100 days), and is 
referred to as the bred-normal group. 

Group 3 consisted of rats whose breeding was deferred until the 
animals were 280 days old. This gi’oup is referred to as bred late. 

Group 4, like group 2, was bred at the normal breeding age, but the 
rats were not allowed to suckle their young and were bred as soon as 
possible after parturition. This group is referred to as young killed. 

The rats were kept in cages containing five females each. They had 
constant access to the usual stock diet for the station rat colony and 
water. Also each cage always contained one male. These males were 
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shifted every week from one cage to the next within the same group. 
Whenever a male was found to be defective in any way he was imme- 
diately replaced. All males were replaced by young males when they 
wc^’c a year old. 

When the females became pregnant, as detected by palpation, they 
were isolated, and with the exception of group 4 were allowed to rear 
their voung to 3 weeks of age. At this time the young were weaned 
and the females returned to their respective breeding cages. If the 
young did not survive until weaning time, the females were neverthe- 
less kept isolated for 3 weeks following the date of parturition. The 
females of grolip 4, howev€>r, were returruMl to th(ur breeding cages 
within 1 day after parturition. Complete records were niatle of the 
number, weight, and sex of all young at birth and at weaning. 

The data recorded here refer only to litters born on or before the 
rats were 671 days old, since subsequent data were rendered useless by 
the accidental killing of 60 animals. Abortions, when they were seen, 
were charged against the rat as the production of a zero litter since they 
repres(uit an attempt at reproduction and the loss of so much time and 
efiiciency. Whcui all the young were dead at birth, this also was 
charged against the rat as a zero litter for the same reason. Other 
young born d(»ad were not counted in this work as they do not repre- 
sent productive reproduction. Females which were sterile from the 
outs(>t of the experiment were included in the groups; there was no 
way of determining whether the sterility was caused by the reproduc;- 
tiv(' regime. 

Examination of tables 2 and 3 shows that the i*eproductive efficiency 
of group 1, as measured by the number of litters and the number and 
weight of living young at birth and at weaning, was somewhat less 
than that of the animals bred at a normal age. The difference 
amounts to 9.1 percent for the numlx'r born in favor of group 2. 
This is in spite of the earlier start by the rats that were bred early. 
Group 1 has a slightly bettcu* weaning percentage, l)ut the number 
weaned is still 8.8 p(»rc(»nt greater for group 2. From the data there 
appears to Ix' no advantage in early breeding, but slightly the reverse. 


'I'ablk 2. The effect of age at which female rats were hredy artd of killing their off- 
spring at birihy upon the weighty number, and vitality of their young 


Oroup No. • 

Litters 

Yoijiig 
alive at 
birth 

Weight 
of young 
alive at 
birth 

Young 
nlive .'It 
weaning 

Weight 
of young 
alive at 
weaning 

Average 
maximum 
weights of 
non preg- 
nant 
females 

1, bred early 

2, bn?d at normal age 

3, bred late-- . - 

4, young killed 

Numbers 

42»i 

430 

25.5 

000 

Number 

2,487 

2,714 

1. 2.57 
3,984 

Orams 
14. 374 
15, 731 

7. 447 
22, 743 

Number 

1,974 

2. 148 
898 

' 1 

Grams 

02. 773 
08. 018 
30. 224 

~ 

Orams 

310. 3 
.308. 0 
296.3 
:123.9 


» Seo text for explanation of groups; there were 50 rats in each group. 


The females of group 3 had by far the smallest number of littei*s and 
the smallest sized litters. In accordance with the usual finding that 
the weight of the young varies inversely with the number in the litter, 
individual young of this group averaged slightly heavier than those of 
other groups. However, it should be noted that the young of group 1 
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were not larger than those of group 2 although their litters were 
appreciably smaller than the litters of the latter. 

Table 3. - The effect of age at which female rats were hredy and of the killing of their 
offspring^ upon the weighty numbeVy and vitality of their youngy the results being 
expressed on a per-rat basis ^ 


Group No.2 

Litters per 
rat 

Young i)er 
litter at 
birth 

Young per 
rat 

Weight of 
young at 
birth 

Weight of 1 
young at 
weaning 

Young 

weaned 

1, bred early . 

2, bred at normal aRO 

H, bred late . 

4, young killed. - 

Number 
8.5rb0.35 
K. 7±0. 29 
5. ldrO.23 
13. 2±().50 

Number 

5.8«:i:0.07 

6.22±0.08 

4.90dr0.11 

6. 04=1=0. 07 

Number 
49. 7zb2. 11 
54. 3=bl.8« 
25.1±1.29 
79. 7=1=3.02 

Gram ft 
5.78 
6. 80 
5. 92 
5.71 

Grams 
31.8=1:0.09 1 
31.9±0. 10 
33. 7=t0. 15 

Percent. 
7[iA 
79. 1 
71.4 


• Probable errors shown. 

2 Sec text for exF)lanatioii of Krou])s; th(‘re were 50 rats In each group. 


Statistical analysis shows that in the numbers of litters per rat the 
difference between group 1 and 2 is not significant. Groups 3 and 4, 
however, are significantly different. In the number of young per 
litter at birth the animals of group 1 arc significantly lower than those 
in group 2, but those in group 4 are not. The rats in group 3 are 
significantly lower. In the number of young per rat, group 1 is not 
significantly lower than group 2. The difference is twice the probable 
error. Groups 3 and 4 differ significantly from group 2. No analysis 
is possible of the weights at birth as these figures were obtained by 
dividing the sums of the weights of the whole litters by the total 
number born. The difference in the weight of young at weaning is 
not significant between the groups 1 and 2, while the increased weight 
of young in group 3 is very significant. This is associated with the 
smaller litters and the high mortality which probably gave the young 
more milk each and assisted in the culling of many of the unfit . The 
percentage of young weaned is a percentage of the whole, and not a 
litter by litter average, so these figures are not analyzed. 

Group 4 was able to have a considerably larger number of litters 
since the rats were rebred immediately after parturition instead of 
3*weeks later. Their litters averaged slightly less in number of young, 
but they produced 47 percent more young than those in group 2. 
This was despite the fact that two of them produced no litters. This 
very intense production was not an undue drain on the females, on 
the contrary the^ made the best growth of all the groups considered 
in this paper. This is shown in table 2 which reports the average 
maximum weights of nonpregnant animals in each group. Lactation 
is a far greater drain on the mother than reproduction, even of the 
most intense kind. Indeed, pregnancy must be regarded as a stimulus, 
or more probably as the means of removal of an inhibitor for growth. 
This inhibitor is believed to be estradiol, since virgin rats attain a 
much lower ultimate weight than bred rats, while ovariectomized rats 
attain the largest size. 

It may be noted in passing that group 4 had considerably larger 
litters than group 2 early in fife, but that the litter size dropped off 
markedly so that in later life their litter size was Icvss than that of 
group 2. 

In order to compare the reproductive efficiencies of the different 
groups in more detail, the reproductive patterns are given in table 4. 
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Table 4. — The effect of age at which female rats were hredj and of killing their 
offspring at birth, upon their reproductive patterns 


1 

Orotip No.i 

1 

Sterile 

rats 

Hats 

having 

only 

1 litter 

Hats not 
reproduc- 
ing after 

1 year of 
age 

Litters 

conceived 

within 

8 days after 
rats wore 
rebred 

1. Brt'U early .. . . 

Number 

Number 

Number 

Percent 

0 

4 

13 

05.8 

2. Bred at; normal age . . 

0 

2 

7 

09.0 

3. Bred late 

2 

2 

6 

62.2 

4. Young killed . _ _ 

2 

0 

8 

72.1 


1 Soc t(*xt for (;xl»lanaf ion of Rroups; there wore 50 rats in oaeh Rrouj). 


A study of table 4 sliows that the lower reproductive efficiency of 
the group 1 in comparison with group 2 involves three factors; (1) A 
larger number of the rats in group 1 had ceased to reproduce by the 
time they were 1 year old; (2) a smaller percentage of the litters were 
conceived within 8 days after parturition, that is, a larger percentage 
of the litters were irregular in conception, thus spacing the litters 
further apart; and (3) the litters were smaller (table 3). 

These factors more than compensate for the earlier start of the 
rats in group I. Group 3 bad a decidedly lower over-all re|)roductive 
efficiency because (1) it had a great handicap in not starting breeding 
as soon as the others, (2) it liad the most delays, tliat is, the most 
irregular litters, and (3) it had considerably smaller litters (table 3). 

Group 4 owes its efficiency to the fact that these rats did not lose 
the 3 weeks re(|uircd to rear their young. Also, the females were in 
better condition and therefore had more litters which were more 
regularly conceived. , 

The group 3 rats had more difficulty in rearing their young than 
did the other groups so that the percentage weaned is considerably 
lower than in the other groups. This is in spite of the fact that they 
had smaller litters to rear, a fact which is reflected in the greater 
average weaning weights in this group, though the average increase 
in weight at weaning does not outweigh the greater loss of young. 
Group 3 lost 70 litters entirely during lactation as compared with 
40 litters for group 1, and 57 for group 2. If these figures are taken 
at their face value it would indicate that early breeding is decidedly 
favorable for the establishment of good lactation. Table 3 does not 
reveal, however, a higher level of lactation for the individual rats of 
group 1. 

DISCUSSION 

In general the data are in agreement with the results of other work- 
ers. The results indicate perhaps that early breeding has some dele- 
terious effects but that these are not great. They do not suggest 
that early breeding should be resorted to as a breeding practice, but 
naturally in work of this sort it is necessary to determine the effects 
from one species to another. The lifetime efficiency. in groups studied 
as a whole is essential for such work, and culling immediately destroys 
its value. If the animals are not in the best of condition and if the 
breeding occurs very early, the practice will usually result in some- 
what inferior young and slightly stunted females. This would suggest 
a compromise in practice, where conditions are usually not optimum. 
Breeding late is definitely uneconomicaL 
243373—40 ^5 
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The data on the rats in group 4 show a relatively smaller litter size 
as compared with those classed as normal than that found by Slonaker 
{ 14 , 16). But his numbers were meager, and the conditions of the 
experiment were not quite the same as those in the present experi- 
ment, The growth of the ftunales used in the present study is in par- 
tial disagreement with the data of Cole and Hart (4), but their animals 
were subjected to other conditions which may have' affe'cted the results. 
Slonake'r^s rats were divided between stationary and rotary cage's 
which altered the' reproductive regime somewhat, and the rats of Ce^lc 
and Hart we're injectenl with rnare^ gonadotropic hormone. 

The rats used by the presemt writers did not show any significant 
variation in the numbe>r of mammary tumors which occurred before^ 
tlu'y we're 22 months e>f age. Two of the females in group 4 and one 
in ei^ch of the' othe'r gi*oups had the'se tumors. 

The data show that rats wdiich we're not subje'cteel to lactation were 
able to carry through a much larger number of ge'stations. It has 
been re^peatedly shown that lactation is a much more sc'vere' tax on tbe 
animal than is gestation. The incre'aseel demanels maele by lactation 
are re'flected by the increaseHl food (*e)nsumption {5, 12, IS, 15); by the 
lU'gative rnine'ral balance (7, 8), and by the change' in ce>m})osition of 
the body tissue's (.9). 

SUMMARY 

The reproductive efficiency of the' albino rat unde'r various re'pro- 
ductive' re'gimes was investigated. Four groups of 50 rats each WH're 
studied until the'y we're 22 memths of age. A total of 1 ,777 litters w^ere 
studied. The over-all reproeluctive' e'fficiency of group 1 (early bi-ed) 
as measureel by the^ total number and WM'ight of young proehice'el was 
somewhat less than that of the rats bred at a normal age*, and the* 
reproductive e'fRciemcy of the group in which breeeling was eh'layeal 
until 9 months of age was very much low'er than that of any of 
the other groups. The'y also experienced much more' difficulty in 
lactation. 

The animals which we're not allowed to suckle' tiie'ii* young anel wliich 
were rebre'd immediately after parturition, produceel many more young 
than did the groups wdiich were subjected to lactation. 
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